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L12 ANSWER 1 OF 4 MEDLINE DUPLICATE 1 

AN 1999225536 MEDLINE 
DN 99225536 

TI Targeted overexpression of elafin protects mice against cardiac 
dysfunction and mortality following viral myocarditis. 

AU Zaidi S H; Hui C C; Cheah A Y; You X M; Husain M; Rabinovitch M 

CS Program in Cardiovascular Research, The Hospital for Sick Children, 
Toronto, Ontario, Canada. 

SO JOURNAL OF CLINICAL INVESTIGATION, (1999 Apr) 103 (8) 1211-9. 
Journal code: HS7. ISSN: 0021-9738. 

CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Abridged Index Medicus Journals; Priority Journals; Cancer Journals 
EM 199908 
EW 19990801 

L12 ANSWER 2 OF 4 MEDLINE 
AN 1999278197 MEDLINE 
DN 99278197 

TI EVEC, a novel epidermal growth factor-like repeat-containing protein 

upregulated in embryonic and diseased adult vasculature [see comments] . 
CM Comment in: Circ Res 1999 May 28 ; 84 ( 10 ) : 1234 
AU Kowal R C; Richardson J A; Miano J M; Olson E N 

CS Department of Internal Medicine, University of Texas Southwestern Medical 

Center, Dallas, Texas 75235-9148, USA. 
SO CIRCULATION RESEARCH, (1999 May 28) 84 (10) 1166-76. 

Journal code: DA J . ISSN: 0009-7330. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

OS GENBANK- AF0 93118; GENBANK- AF0 93119 
EM 199908 
EW 19990804 



L12 ANSWER 3 OF 4 SG^ARCH COPYRIGHT 2000 ISI (R) 

AN 1998:920166 SCIsWcH A 

GA The Genuine Article (R) Number: 142NE 

TI Reduced transplant arteriosclerosis in plasminogen-def icient mice 
AU Moons L; Shi C W; Ploplis V; Plow E; Haber E; Collen D (Reprint); 
Carmeliet P 

CS KATHOLIEKE UNIV LEUVEN, FLANDERS INTERUNIV INST BIOTECHNOL, CTR TRANSGENE 
TECHNOL & GENE THERAPY, B-3000 LEUVEN, BELGIUM (Reprint); KATHOLIEKE UNIV 
LEUVEN, FLANDERS INTERUNIV INST BIOTECHNOL, CTR TRANSGENE TECHNOL & GENE 
THERAPY, B-3000 LEUVEN, BELGIUM; HARVARD UNIV, SCH PUBL HLTH, CARDIOVASC 
BIOL LAB, BOSTON, MA 02115; CLEVELAND CLIN FDN, JJ JACOBS CTR THROMBOSIS 

& 

VASC BIOL, CLEVELAND, OH 44195 
CYA BELGIUM; USA 

SO JOURNAL OF CLINICAL INVESTIGATION, (15 NOV 1998) Vol. 102, No. 10, pp. 
1788-1797. 

Publisher: ROCKEFELLER UNIV PRESS, 1114 FIRST AVE, 4TH FL, NEW YORK, NY 
10021. 

ISSN: 0021-9738. 
DT Article; Journal 
FS LIFE 
LA English 

REC Reference Count: 33 

^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

L12 ANSWER 4 OF 4 SCISEARCH COPYRIGHT 2000 ISI (R) 
AN 94:98482 SCISEARCH 

GA The Genuine Article (R) Number: MX571 

TI REGULATION OF THE ALPHA-l(I) COLLAGEN PROMOTER IN VASCULAR SMOOTH-MUSCLE 
CELLS - COMPARISON WITH OTHER ALPHA-l(I) COLLAGEN- PRODUCING CELLS IN 
TRANSGENIC ANIMALS AND CULTURED-CELLS 

AU BEDALOV A; BREAULT D T; SOKOLOV B P; LICHTLER A C; BEDALOV I; CLARK S H; 
MACK K; KHILLAN J S; WOODY C O; KREAM B E; ROWE D W (Reprint) 

CS UNIV CONNECTICUT, CTR HLTH, DEPT PEDIAT, FARMINGTON, CT, 06030 (Reprint); 
UNIV CONNECTICUT, CTR HLTH, DEPT PEDIAT, FARMINGTON, CT, 06032; UNIV 
CONNECTICUT, CTR HLTH, DEPT MED, FARMINGTON, CT, 06032; THOMAS JEFFERSON 
UNIV, DEPT BIOCHEM & MOLEC BIOL, PHILADELPHIA, PA, 19107; DEPT VET 

AFFAIRS 

MED CTR, NEWINGTON, CT, 06111; UNIV CONNECTICUT, DEPT ANIM SCI, STORRS, 
CT, 06269; UNIV ZAGREB, SCH MED, 41000 ZAGREB, CROATIA; UNIV ZAGREB, SCH 
DENT MED, 41000 ZAGREB, CROATIA 
CYA USA; CROATIA 

SO JOURNAL OF BIOLOGICAL CHEMISTRY, (18 FEB 1994) Vol. 269, No. 7, pp. 

4903-4909. 

ISSN: 0021-9258. 
DT Article; Journal 
FS LIFE 
LA ENGLISH 

REC Reference Count: 4 4 

^ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 
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Lll ANSWER 1 OF 54 CAPLUS COPYRIGHT 2000 ACS 
IN Ensley, Burt D. 

TI Cosmetic compositions containing extracellular matrix proteins 
SO PCT Int. Appl., 65 pp. 
CODEN: PIXXD2 

Lll ANSWER 2 OF 54 SCISEARCH COPYRIGHT 2000 ISI (R) 

AU Lijnen H R (Reprint); VanHoef B; Vanlinthout I; Verstreken M; Rio M C; 
Collen D 



TI Accelerated neointima formation after vascular injury in mice with 

stromelysin-3 (MM^|1) gene inactivation 
SO ARTERIOSCLEROSIS ^mOMBOSIS AND VASCULAR BIOLOGY, Ax 1999) Vol. 19, No. 

12, pp. 2863-2870. W 

Publisher: LIPPINCOTT WILLIAMS & WILKINS, 227 EAST WASHINGTON SQ, 

PHILADELPHIA, PA 19106. 

ISSN: 1079-5642. 



Lll ANSWER 3 OF 54 MEDLINE DUPLICATE 1 

AU Zaidi S H; Hui C C; Cheah A Y; You X M; Husain M; Rabinovitch M 
TI Targeted overexpression of elafin protects mice against cardiac 

dysfunction and mortality following viral myocarditis. 
SO JOURNAL OF CLINICAL INVESTIGATION, (1999 Apr) 103 (8) 1211-9. 

Journal code: HS7 . ISSN: 0021-9738. 



Lll ANSWER 4 OF 54 MEDLINE 

AU Kowal R C; Richardson J A; Miano J M; Olson E N 

TI EVEC, a novel epidermal growth factor-like repeat-containing protein 

upregulated in embryonic and diseased adult vasculature [see comments] . 

SO CIRCULATION RESEARCH, (1999 May 28) 84 (10) 1166-76. 
Journal code: DA J . ISSN: 0009-7330. 

Lll ANSWER 5 OF 54 MEDLINE* 
AU Warburton D; Lee M K 

TI Current concepts on lung development. 

SO CURRENT OPINION IN PEDIATRICS, (1999 Jun) 11 (3) 188-92. Ref: 23 
Journal code: BUT. ISSN: 1040-8703. 

Lll ANSWER 6 OF 54 CAPLUS COPYRIGHT 2000 ACS DUPLICATE 2 

AU Lakkakorpi, Jouni; Li, Kehua; Decker, Sylvia; Korkeela, Esa; Piddington, 

Ronald; Abrams, William; Bashir, Muhammad; Uitto, Jouni; Rosenbloom, Joel 
TI Expression of the elastin promoter in novel tissue sites in 

transgenic mouse embryos 
SO Connect. Tissue Res. (1999), 40(2), 155-162 

CODEN: CVTRBC; ISSN: 0300-8207 

Lll ANSWER 7 OF 54 MEDLINE DUPLICATE 3 

AU Lemack G E; Szabo Z; Urban Z; Boyd C D; Csiszar K; Vaughan E D Jr; Felsen 
D 

TI Altered bladder function in transgenic mice expressing 
rat elastin. 

SO NEUROUROLOGY AND URODYNAMICS, (1999) 18 (1) 55-68. 
Journal code: BRQ. ISSN: 0733-2467. 

Lll ANSWER 8 OF 54 BIOSIS . COPYRIGHT 2000 BIOSIS 

AU Brown, D. B. (1); Kong, S. K. (1); Kwak, B. C. (1); Takeuchi, T. (1); 

Uitto, J. (1); Bernstein, E. F. (1); Gasparro, F. P. (1) 
TI The nitroxide tempol affords protection against UVR as assayed using a 

transgenic mouse molecular model of cutaneous 

photoaging. 

SO Photochemistry and Photobiology, (June, 1999) Vol. 69, No. SPEC. ISSUE., 
pp. 53S-54S. 

Meeting Info.: Twenty Seventh Annual Meeting of the American Society for 

Photobiology Washington, D.C., USA July 10-15,1999 American Society for 

Photobiology 

. ISSN: 0031-8655. 

Lll ANSWER 9 OF 54 CAPLUS COPYRIGHT 2000 ACS 

IN Bernstein, Eric 

TI Use of Tempol in the prevention of photoaging 

SO U.S. , 5 pp. 

CODEN: USXXAM 

Lll ANSWER 10 OF 54 SCISEARCH COPYRIGHT 2000 ISI (R) 

AU Moons L; Shi C W; Ploplis V; Plow E; Haber E; Collen D (Reprint); 



Carmeliet P 

TI Reduced transplan^krteriosclerosis in plasminogen^lef icient mice 
SO JOURNAL OF CLINIO^ INVESTIGATION, (15 NOV 1998) \J^k 102, No. 10, pp. 
1788-1797. W 

Publisher: ROCKEFELLER UNIV PRESS, 1114 FIRST AVE, 4TH FL, NEW YORK, NY 
10021. 

ISSN: 0021-9738. 

Lll ANSWER 11 OF 54 MEDLINE DUPLICATE 4 

AU Takeuchi T; Uitto J; Bernstein E F 

TI A novel in vivo model for evaluating agents that protect against 

ultraviolet A-induced photoaging. 
SO JOURNAL OF INVESTIGATIVE DERMATOLOGY, (1998 Apr) 110 (4) 343-7. 

Journal code: IHZ. ISSN: 0022-202X. 

Lll ANSWER 12 OF 54 MEDLINE DUPLICATE -5 

AU Uitto J; Bernstein E F 

TI Molecular mechanisms of cutaneous aging: connective tissue alterations in 
the dermis. 

SO JOURNAL OF INVESTIGATIVE DERMATOLOGY. SYMPOSIUM PROCEEDINGS, (1998 Aug) 3 
(1) 41-4. Ref: 35 

Journal code: C0U. ISSN: 1087-0024. 
Lll ANSWER 13 OF 54 SCISEARCH COPYRIGHT 2000 ISI (R) 

AU Lindahl P; Karlsson L; Hellstrom M; GebreMedhin S; Willetts K; Heath J K; 

Betsholtz C (Reprint) 
TI Alveogenesis failure in PDGF-A-def icient mice is coupled to lack of 
distal 

spreading of alveolar smooth muscle cell progenitors during lung 
development 

SO DEVELOPMENT, (OCT 1997) Vol. 124, No. 20, pp. 3943-3953. 

Publisher: COMPANY OF BIOLOGISTS LTD, BIDDER BUILDING CAMBRIDGE 
COMMERCIAL 

PARK COWLEY RD, CAMBRIDGE, CAMBS, ENGLAND CB4 4DL. 
ISSN: 0950-1991. 

Lll ANSWER 14 OF 54 SCISEARCH COPYRIGHT 2000 ISI (R) 

AU DelMonaco M; Covello S P; Kennedy S H; Gilinger G; Litwack G; Uitto J 
(Reprint) 

TI Identification of novel glucocorticoid-response elements in human 
elastin promoter and demonstration of nucleotide sequence 
specificity of the receptor binding 

SO JOURNAL OF INVESTIGATIVE DERMATOLOGY, (JUN 1997) Vol. 108, No. 6, pp. 
938-942. 

Publisher: BLACKWELL SCIENCE INC, 350 MAIN ST, MALDEN, MA 02148. 
ISSN: 0022-202X. 

Lll ANSWER 15 OF 54 MEDLINE DUPLICATE 6 

AU Bernstein E F; Brown D B; Takeuchi T; Kong S K; Uitto J 

TI Evaluation of sunscreens with various sun protection factors in a new 

transgenic mouse model of cutaneous photoaging that 

measures elastin promoter activation. 
SO JOURNAL OF THE AMERICAN ACADEMY OF DERMATOLOGY, (1997 Nov) 37 (5 Pt 1) 

725-9. 

Journal code: HVG. ISSN: 0190-9622. 

Lll ANSWER 16 OF 54 CAPLUS COPYRIGHT 2000 ACS DUPLICATE 7 

AU Uitto, Jouni; Brown, Douglas B.; Gasparro, Francis P.; Bernstein, Eric F. 
TI Molecular aspects of photoaging 
SO Eur. J. Dermatol. (1997), 7(3), 210-214 
CODEN: EJDEE4; ISSN: 1167-1122 



Lll ANSWER 17 OF 54 MEDLINE DUPLICATE 8 

AU Perrin S; Foster J A 

TI Developmental regulation of elastin gene expression. 



SO CRITICAL REVIEWS IN EUKARYOTIC GENE EXPRESSION, (1997) 7 (1-2) 1-10. 
Per: A 

78 W A 

Journal code: BEJ. ISSN: 1045-4403. 

Lll ANSWER 18 OF 54 CAPLUS COPYRIGHT 2000 ACS 
IN Bernstein, Eric; ditto, Jouni 

TI An in vivo and in vitro model of cutaneous photoaging, and method for 
identifying compds . capable of inhibiting cutaneous photodamage 

SO PCT Int. Appl., 16 pp. 
CODEN: PIXXD2 



Lll ANSWER 19 OF 54 BIOSIS COPYRIGHT 2000 BIOSIS 

AU Takeuchi, Tsunemichi (1); Gasparro, Francis P.; Brown, Douglas B. (1); 

Kong, Sung K. (1); Lopresti, Nicholas (1); White, Terri (1); Chang, 

Patrick (1); Uitto, Jouni (1); Bernstein, Eric F. (1) 
TI 8-Methoxypsoralen and ultraviolet A radiation activate the human 

elastin promoter in transgenic mice: In vivo 

and in vitro evidence for gene induction. 
SO Journal of Investigative Dermatology, (1996) Vol. 106, No. 4, pp. 896. 

Meeting Info. : Annual Meeting of the Society for Investigative 
Dermatology 

Washington, D.C., USA May 1-5, 1996 

ISSN: 0022-202X. 

Lll ANSWER 20 OF 54 BIOSIS COPYRIGHT 2000 BIOSIS 

AU Katchman, Stacy (1); Wu, May; Covello, Seana; Uitto, Jouni 

TI Glucocorticosteroids upregulate human elastin promoter activity 

in the skin of transgenic mice in an age-independent 

manner. 

SO Journal of Investigative Dermatology, (1996) Vol. 106, No. 4, pp. 839. 

Meeting Info.: Annual Meeting of the Society for Investigative 
Dermatology 

Washington, D.C., USA May 1-5, 1996 

ISSN: 0022-202X. 



Lll ANSWER 21 OF 54 BIOSIS COPYRIGHT 2000 BIOSIS 

AU Kong, Sung K. (1); Brown, Douglas B.; Takeuchi, Tsunemichi; Vu, Ann; 

Chang, Patrick H. ; Uitto, Jouni; Bernstein, Eric F. 
TI A novel, rapid, and sensitive method for evaluating compounds offering 

protection against cutaneous photodamage. 
SO Journal of Investigative Dermatology, (1996) Vol. 106, No. 4, pp. 836. 

Meeting Info.: Annual Meeting of the Society for Investigative 
Dermatology 

Washington, D.C., USA May 1-5, 1996 

ISSN: 0022-202X. 

Lll ANSWER 22 OF 54 SCISEARCH COPYRIGHT 2000 ISI (R) 

AU TAKEUCHI T (Reprint); GASPARRO F P; BROWN D B; KONG S K; LOPRESTI N; 
WHITE 

T; CHANG P; UITTO J; BERNSTEIN E F 
TI 8-METHOXYPSORALEN AND ULTRAVIOLET A RADIATION ACTIVATE THE HUMAN 

ELASTIN PROMOTER IN TRANSGENIC MICE - IN-VIVO 

AND IN-VITRO EVIDENCE FOR GENE INDUCTION 
SO JOURNAL OF INVESTIGATIVE DERMATOLOGY, (APR 1996) Vol. 106, No. 4, pp. 
543. 

ISSN: 0022-202X. 

Lll ANSWER 23 OF 54 MEDLINE DUPLICATE 9 

AU Bernstein E F; Gasparro F P; Brown D B; Takeuchi T; Kong S K; Uitto J 

TI 8-methoxypsoralen and ultraviolet a radiation activate the human 

elastin promoter in transgenic mice: in vivo 

and in vitro evidence for gene induction. 
SO PHOTOCHEMISTRY AND PHOTOBIOLOGY, (1996 Aug) 64 (2) 369-74. 

Journal code: P69. ISSN: 0031-8655. 



Lll ANSWER 24 OF 54 ^fcLINE 

AU Burn J; Goodship 

TI Developmental genetics of the heart. 

SO CURRENT OPINION IN GENETICS AND DEVELOPMENT, (1996 Jun) 6 (3) 322-5. 
Ref : 

34 

Journal code: BJC. ISSN: 0959-437X. 

Lll ANSWER 25 OF 54 BIOSIS COPYRIGHT 2000 BIOSIS DUPLICATE 10 

AU Bernstein, E. F. ; Brown, D. B.; Kong, S. K. ; Takeuchi, T.; Zhang, X.; 

Tan, 

E. M. L. 

TI Human elastin promoter activity is up-regulated in multiple 
organs by UVB radiation administered to transgenic mice 

SO Journal of Investigative Medicine, (1996) Vol. 44, No. 3, pp. 226A. 

Meeting Info. : Annual Meeting of the Association of American Physicians, 
the American Society for Clinical Investigation, and the American 
Federation for Clinical Research: Biomedicine '96, Medical Research from 
Bench to Bedside Washington, D.C., USA May 3-6, 1996 
ISSN: 1081-5589. 

Lll ANSWER 26 OF 54 SCISEARCH COPYRIGHT 2000 ISI (R) 
AU KATCHMAN S (Reprint); WU M; COVELLO S; UITTO J 

TI GLUCOCORTICOSTEROIDS UP-REGULATE HUMAN ELASTIN PROMOTER ACTIVITY 
IN THE SKIN OF TRANSGENIC MICE IN AN AGE-INDEPENDENT 
MANNER 

SO JOURNAL OF INVESTIGATIVE DERMATOLOGY, (APR 1996) Vol. 106, No. 4, pp. 
204 . 

ISSN: 0022-202X. 
Lll ANSWER 27 OF 54 BIOSIS COPYRIGHT 2000 BIOSIS 

AU Uitto, Jouni (1); Hsu-Wong, Sylvia; Katchman, Stacy D.; Bashir, Muhammad 

M . ; Rosenbloom, Joel 
TI Skin elastic fibres: Regulation of human elastin promoter 

activity in transgenic mice. 
SO Chadwick, D. J. [Editor]; Goode, J. A. [Editor], Ciba Foundation 

Symposium, (1995) No. 192, pp. 237-253. Ciba Foundation Symposium; The 

molecular biology and pathology of elastic tissues. 

Publisher: John Wiley and Sons Ltd. Baffin Lane, Chichester PO 19 1UD, 

England. , 

Meeting Info.: Symposium Nairobi, Kenya November 1-3, 1994 

ISSN: 0300-5208. ISBN: 0-471-95718-6. 

Lll ANSWER 28 OF 54 BIOSIS. COPYRIGHT 2000 BIOSIS 

AU Sechler, Jan L. (1); Sandberg, Lawrence B.; Roos, . Philip J.; Snyder, Ida; 

Amenta, Peter S.; Riley, David J.; Boyd, Charles D. 
TI Elastin gene mutations in transgenic mice. 

SO Chadwick, D. J. [Editor]; Goode, J. A. [Editor]. Ciba Foundation 

Symposium, (1995) No. 192, pp. 148-165. Ciba Foundation Symposium; The 
molecular biology and pathology of elastic tissues. 

Publisher: John Wiley and Sons Ltd. Baffin Lane, Chichester PO 19 1UD, 
England. 

Meeting Info.: Symposium Nairobi, Kenya November 1-3, 1994 
ISSN: 0300-5208. ISBN: 0-471-95718-6. 

Lll ANSWER 29 OF 54 MEDLINE DUPLICATE 11 
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Abstract 

Recent gene targeting studies indicate that the plasminogen 
system is implicated in ceU migration and matrix degrada- 
tion during arterial neointima formation and atheroscle- 
rotic aneurysm formation. This study examined whether 
plasmin proteolysis is involved in accelerated posttrans- 
plant arteria Xerosis (graft arterial disease). Donor carotid 
arteries from wild-type B10.A2R mice were transplanted 
into either plasminogen wild-type (Pig*'*) or homozygous 
plasminogen-defieient (Plg~'~) recipient mice with a genetic 
background of 75% C57BL/6 and 25% 129. Within 15 d af- 
ter allograft transplantation, leukocytes and macrophages 
infiltrated the graft intima in Plg +/+ and Pig"'" recipient 
mice to a similar extent. In Pig*'* recipients, the elastic lam- 
inae in the transplant media exhibited breaks through 
which macrophages infiltrated before smooth muscle cell 
proliferation, whereas in Pig"'" recipients, macrophages 
foiled to infiltrate the transplant media which remained 
structurally more intact After 45 d of transplantation, a 
multilayered smooth muscle cell-rich transplant neointima 
developed in Pig*'* hosts, in contrast to Plg~'~ recipients, in 
which the transplants contained a smaller intima, predomi- 
nantly consisting of leukocytes, macrophages, and throm- 
bus. Media necrosis, fragmentation of the elastic laminae, 
and adventitial remodeling were more pronounced in Pig* 7 * 
than in Plg~'~ recipient mice. Expression of the plasmino- 
gen activators (PA), urokinase-type PA (u-PA) and tissue- 
type PA (t-PA), and expression of the matrix metallopro- 
teinases (MMPs), MMP-3, MMP-9, MMP-12, and MMP-13, 
were significantly increased within 15 d of transplantation 
when cells actively migrate. These data indicate that plas- 
min proteolysis plays a major role in allograft arteriosclero- 
sis by mediating elastin degradation, macrophage infiltra- 
tion, media remodeling, medial smooth muscle cell migration, 
and formation of a neointima. (J. Clin. Invest. 1999. 102: 
1788-1797.) Key words: plasmin proteolysis • atherosclero- 
sis • transplant rejection • transgenic mice • transplantation 
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Introduction 

Transplant arteriosclerosis constitutes a major limitation to 
long-term survival of cardiac and other solid organ transplants 
(1, 2). Therefore, a better understanding of the pathogenetic 
mechanisms of this life-threatening disease is mandated. 
Transplant arteriosclerosis differs from common atherosclero- 
sis in its concentric lesions, reduced lipid accumulation, and 
faster progression. Mice with specific gene inactivations pro- 
vide opportunities to dissect the pathogenic mechanisms of al- 
lograft disease, as transplantation models have been devel- 
oped recently in the mouse (for review see reference 3). 

The molecular mechanisms contributing to graft vascular 
disease remain poorly understood. It has been proposed that 
transplant arteriosclerosis is caused by an immune reaction of 
the recipient to donor graft antigens (4, 5). Indeed, inflamma- 
tory cells infiltrate the blood vessels of the transplanted organ 
and produce cytokines, growth factors, and chemotactic agents, 
such as IL-1, PDGF-B, basic FGF (FGF-2), IFN-7, TGF-p, 
and TNF-a (4-6), that cause vascular smooth muscle cells to 
proliferate and migrate. However, for cells to migrate across 
anatomical borders (such as the elastic laminae), they require 
proteinases. For this purpose, vascular smooth muscle, endo- 
thelial, and inflammatory cells primarily depend on two pro- 
teinase systems, namely the plasminogen (Pig) 1 (7) and the 
matrix metalloproteinase (MMP) (5, 8) systems. However, 
their role in cellular migration and proliferation and in tissue 
remodeling during transplant arteriosclerosis has not been de- 
lineated conclusively. 

The Pig system is composed of the inactive proenzyme Pig 
which is converted to plasmin by tissue-type (t-PA) or uroki- 
nase-type (u-PA) Pig activator (PA), the action of which is in- 
hibited by PA inhibitors (PAIs) (9). Whereas t-PA is primarily 
involved in clot dissolution, u-PA has been implicated in peri- 
cellular proteolysis during cell migration and tissue remodel- 
ing. Recent gene targeting studies indicate that the Pig system 
plays a role in macrophage recruitment (10), arterial stenosis, 
atherosclerosis, aneurysm formation, skin and corneal wound 
healing, glomerulonephritis, and neovascularization (for re- 
view see reference 7). 

MMPs can, in concert, degrade most components of the ex- 
tracellular matrix of the vessel wall (8). Of the 20 MMPs iden- 
tified to date, the interstitial collagenases (MMP-1 in humans 
and MMP-13 in mice), the stromelysins (MMP-3, MMP-7, and 
MMP-10), the gelatinases (MMP-2 and MMP-9), and an elastase 
(MMP-12) have been implicated in matrix degradation and 
cell migration in cardiovascular disorders (5, 8). Recently, we 
demonstrated that plasmin may be an important pathophysio- 
logical activator of the inactive zymogen pro-MMPs during 



1. Abbreviations used in this paper: BrdU, 5'-bromo-2'-deoxyuridinc; 
MMP, matrix metalloproteinase; PA, Pig activator; PA I, PA inhib- 
itor. Pig, plasminogen; t-PA, tissue-type PA; u-PA, urokinase-type PA. 
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atherosclerotic aneurysm formation (11) and arterial postin- 
jury stenosis (12). 

A mouse model of transplant arteriosclerosis has been de- 
veloped ( 13), which is based on the grafting of a carotid artery 
from a donor mouse to the carotid artery of a recipient mouse, 
with histoincompatibility between donor and recipient in the 
H-2 region. Since many of the morphological features of the 
graft arterial disease in this model mimic those occurring after 
organ transplantation in humans, this model was used to evalu- 
ate whether the Pig system participates in the process of cellu- 
lar migration and/or matrix remodeling during accelerated 
transplant arteriosclerosis. Therefore, carotid arteries from 
wild-type donors were transplanted into Pig-deficient (Pig"'") 
or wild-type recipients. The data indicate that graft arterioscle- 
rosis is largely prevented in Pig"'" recipients because of the in- 
ability of macrophages to infiltrate the media and of smooth 
muscle cells to migrate into the intima. These findings may be 
useful for the design of antiproteolytic therapies against trans- 
plant arteriopathy. 



Methods 

Animals and transplantation. The model of carotid artery transplanta- 
tion has been described (13). Male mice (B10.A(2R) strain (H-2 112 ); 
The Jackson Laboratory, Bar Harbor, ME] were used as donors, and 
Plg*' + or Plg~'~ littermates (14) with a mixed background of 75% 
C57BL/6 and 25% 129 (H-2 b ) were used as recipients. In addition. 
C57BL/6 x 129 Pig"' - or Pig*'* carotid arteries were grafted to wild- 
type CB A (H-2 k ) mice (Harlan Nedertand BV, Zeist, The Netherlands). 



Preparation of histological sections, morphometry, and immuno- 
histochemistry. Grafts were harvested at 15 and 45 d after transplan- 
tation (groups of S-10 Pig*'* and Plg~'~ mice each). The proximal 
half of the transplanted loop was Gxed in phosphate-buffered 
paraformaldehyde (1%) or in melhyl-Camoy fixative for 3 h, dehy- 
drated, and embedded in paraffin. The distal half of the transplanted 
loop was immediately frozen in Ttssue-Tek. 5-um histological sec* 
tions were made from the center of the graft towards the suture lines. 
Histochemica) staining of elastin (VerhoefTs-Van Gieson) and col- 
lagen (Martius scarlet blue) and immtinostaining of fibrin (antibody 
against murine fibrinogen; Nordic Immunology, Tilburg, The Nether- 
lands). CD45 (pan-leukocyte marker. PharMtngen, San Diego, CA), 
Mac-3 (macrophage marker. PharMingen). smooth muscle ct-actin 
(smooth muscle cell marker; Sigma Chemical Co., St. Louis, MO). 
vWf (endothelial cell marker. Dakopatts. Copenhagen. Denmark), 
the proliferation marker 5'-bromo-2'-deoxyuridine (BrdU) (rat anti- 
BrdU mAb; Sera-Lab, Sussex, UK) were performed as described (14, 
15). Morphometric measurements of cross-sectional areas, cell 
counts, and proliferation rates were performed on transverse sections 
of the artery using a computer-assisted image analysis system (Quan- 
timet O600 system: Leica, Nussloch. Germany) on four sections 
equally spaced, across the first 1300 \im from the center of the graft, 
excluding the fragments at the suture lines. The average values per 
artery were used to determine the mean±SEM for the various mea- 
surements. 

Expression of PAs and M MPs. In situ zymographic analysis of 
PA activities was performed on 7-jim cryosections using fibrin over- 
lay gels (16). Lysis attributable to t-PA or u-PA activity was deter- 
mined by inclusion of t-PA or u-PA specific IgGs (200 |ig/m1), respec- 
tively. The amount of lysis (quantified using the Quantimet Q600 
image analysis software) was expressed in square millimeters of lytic 
area. 
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Figure I. Light microscopic analysis of 
transverse sections through 15-d carotid 
grafts in Pig*'* (a, c, e , and /) and Plg~'~ 
(6, rf, and g) recipient mice, revealing a 
few intima! cell layers. In a control carotid 
artery (&. inset), the intima only consists 
of endothelial cells. Intimal cells accumu- 
lated underneath vWf-stained cells {tailed 
arrows) of the transplants (e-g). Note the 
more extensive graft adventitial cellular 
infiltration in the Pig*'* (a) than in the 
Plg~'~ (b) recipient mice. The arrowheads 
indicate the internal elastic laminae and 
the arrows the external elastic laminae. 
Magnification bar is 300 pun in the inset of 
ft; 50 u.m in a and ft; 25 |tm in «, d % e, and 
g: and 10 |im in /. 



Role of Plasmin in Transplant Arteriosclerosis 1789 




Immunohistochemistry for t-PA, u-PA, and PAl-1 or for the 
MMA, using previously characterized antibodies against murine t-PA, 
u-PA, PAI-1, MMP-3. MMP-9, MMP-12 (gift from S. Shapiro, Wash- 
ington University, St Louis, MO), and MMP-13 (provided by Y. Eeck- 
hout, UCL, Brussels, Belgium) was performed as described previ- 
ously (11, 12, 16, 17). 

Statistical analysis. Experimental values were expressed as mean± 
SEM. Statistically significant differences between groups were calcu- 
lated by the unpaired Student's / test or by the Mann-Whitney U test. 



Results 

Histological analysis. In control carotid arteries, the intima 
consisted of endothelial cells and the media of smooth muscle 
cells, whereas leukocytes were absent (Fig. 1 6, inset). Within 
15 d after transplantation, a similar number of host-derived 
leukocytes infiltrated underneath the graft endothelium in 
both PIg +/+ and Pig"'" recipients, constituting thereby a mini- 
mal neointima (Fig. 1 , a~d), composed of v Wf-immunorcactive 



Figure 2. lmmunostainings for the leuko- 
cyte marker CD45 (a and b) and the mac- 
rophage marker Mac3 (c and d) on trans- 
verse sections through the 15-d carotid 
grafts of Plg +/+ (a, c, e, and g) and Pig"'" (b, 
d,/, and h) recipient mice revealed that the 
majority of the intimal cells represent leu- 
kocytes and macrophages in both geno- 
types, f mmunostaining with the smooth 
muscle cell marker a-actin (e and f) re- 
vealed that most cells in the media of Plg~'~ 
mice stained for a-actin, whereas the media 
of Pig*'* recipients was hypercellular and 
contained cells immunoreactive for a-actin, 
CD45, and Mac3. A fraction of medial cells 
remained unstained for all three cell mark- 
ers, possibly representing proliferating and/ 
or migrating smooth muscle cells (tailed ar- 
rows). Strongly stained fibrin-rich thrombi, 
infiltrated by leukocytes (a), were detected 
in the center of the lumen in grafts trans- 
planted in Plg +/+ (g) or Pig"' - {H) mice, 
whereas low levels of fibrin(ogen)-immu- 
noreactivity {tailed arrows) were detectable 
in the subendothelial intima of transplants 
in Plg*' + (g) and Pig - ' - (h) mice and scat- 
tered throughout the media in Pig*'* (g) re- 
cipients. The arrowheads indicate the inter- 
nal elastic laminae and the arrows the 
external elastic laminae. Magnification bar 
is 25 p.m in all panels. 



endothelial cells (Fig. 1, e-g) % CD45 + leukocytes (Fig. 2, a and 
b) y and Mac3-immunoreactive macrophages (Fig. 2, c and d). 
Immunostaining for fibrin(ogen) revealed strong staining in 
thrombi in the center of the lumen in both Pig*'* and Pig"'" 
recipients (Fig. 2, g and h). Upon analysis of serial sections, 
these thrombi did not appear to contact the endothelium, 
thereby differing from the mural thrombi incorporated within 
the subendothelial intima in Pig"'" recipients at day 45 after 
transplantation (see below). These thrombi may represent 
nonoccluding residual thrombi formed during surgical trans- 
plantation. Compared with the strong staining intensity of lu- 
minal fibrin-thrombi, much lower levels of fibrin(ogen)-immu- 
noreactivity were detected within the media in Plg + ' + mice and 
within the intima boarding the internal elastic lamina in both 
Plg +/+ and Pig"'" hosts (Fig. 2,g and A). 

Significant genotype-related differences were observed in 
the media and the adventitia between grafts in Pig"'" and Plg + ' + 
mice. In Plg +/+ recipients, the internal elastic lamina (and oc- 
casionally also the external elastic lamina) was fragmented and 
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Figure 3. Verhoefrs Van Gieson staining 
\, of transverse sections through carotid 
v transplants at IS d (a-d) revealing small 
- breaks {tailed arrows) in the internal and 
^ external elastic lamina in grafts in Pig"'* 

; mice (a and b), through which macro- 
!^ phages migrated from the subendothelial 
■ space into the media (a migrating Mac3* 
. macrophage is shown in the inset in b). In 
contrast, the elastic laminae and the media 
; of the grafts in Pig"' - hosts (c and d) re- 
' mained largely intact. At 45 d, the elastic 
laminae of the transplants in Plg +,+ mice 
appeared very thin, elongated, and frag- 
mented over large distances, with numer- 
ous major breaks (e and /), whereas elastic 
lamina degradation and disruption were 
less pronounced in the Pig"'" mice (g and 
h). Magnification bar is 25 |xm in a, c, e, and 
g y and 10 u>m in b. d,f. and h. 
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showed minor breaks (Fig. 3, a and £>), through which leuko- 
cytes and macrophages infiltrated into the medial layers (Fig. 3 
6, inset). In contrast, in PIg~'~ mice, the elastic laminae re- 
mained structurally more intact, and macrophages largely 
failed to infiltrate the media (Fig. 3, c and d). Compared with 
the media of grafts in Plg _/ " mice, which only contained ot-actin 
positive smooth muscle cells (Fig. 2 /), the media in Plg + ' + mice 
was hypercellular (Fig. 2 e), primarily due to the infiltration of 
CD45 + and Mac3* leukocytes (Fig. 2, a and c). Some CD45- 
and Mac3-negative cells were oriented perpendicularly to the 
medial plane (Fig. 1 c and Fig. 2, a and c, and data not shown), 
and may represent smooth muscle cells migrating into the in- 
tima. Proliferating BrdU-positive cells in the Plg + ' + mice were 
initially detected in the internal and external medial layers, 
which became first infiltrated by leukocytes from the intima or 
adventitia, respectively (data not shown). The middle layer of 
the media only contained proliferating cells by 45 d (not 
shown), suggesting that smooth muscle cell proliferation was 
attributable to mitogenic growth factors released by inflamma- 
tory cells infiltrated into the media (as previously suggested in 



other models) (4, 5). Infiltration of the adventitia by leuko- 
cytes (stained cells in Fig. 2, a and b) and fibroblasts (unstained 
cells in Fig. 2, a and b) was markedly greater in the allografts in 
Plg +/+ (Fig. 1 a and Fig. 2 a) than in Plg~'~ (Fig. 1 b and Fig. 2 
b) recipient mice. 

At 45 d after transplantation, a concentric neointima, con- 
sisting almost exclusively of strongly stained a-actin smooth 
muscle cells (Fig. 4, a and e) and containing abundant collagen 
(Martius scarlet blue staining) (Fig. 4 A), frequently occluded 
the entire lumen in Pig*'* mice (in five of nine mice). In con- 
trast, in Pig"'" mice, the intima contained only a few a-actin 
smooth muscle cells (Fig. 4, b and /), scattered amid the more 
numerous CD45- (Fig. 4 d) and Mac3-immunoreactive leuko- 
cytes (not shown). Intimal collagen deposition was not or only 
minimally observed in arteries grafted into Plg~'~ mice (Fig. 4 
». Beyond 15 d, fibrin deposits in the intima of grafts in Plg~'~ 
mice (Fig. 4, b and 0 were more frequent and abundant than in 
the intima in Plg + ' + mice (Fig. 4 g). Interestingly, a-actin im- 
munostaining *vas frequently reduced in the transplant media 
in Plg _/ " mice at sites of elastic laminae fragmentation, where 
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Fig«r<r 4, Light microscopic analysis of 
transverse sections ihrc «gh the carotid 
grafts of Pig*'* (a, c, <\ g, and h) and Pig - ' 
(i>, «/,/, i t and /) recipient mice in 45-d trans- 
plants. A multitayered concentric neoin- 
tima developed in allografts of Pig*'* 
recipients (a) whereas fewer cells were in- 
termingled with mural thrombi in the in- 
tima in Plg~ ; ~ mice (b). CD45* leukocytes 
(c and d) accumulated in the intima of Pig*'* 
and Pig '" mice and in the media of Pig*'* 
hosts* but only rarely in the media of Pig ' 
recipients (only at sites where the internal 
elastic lamina was ruptured; tailed arrows). 
Smooth muscle cell a-actin positive cells 
were abundant in the intima of Pig*' 4 recip- 
ient mice (e) but rare in the intimal layers 
of Pig"'" mice (/). whereas they were 
largely absent in the media of Pig*'* mice 
(e) but still numerous in the media of Pig " '~ 
hosts (/). Fibrin deposition occurred in 
acellular thrombi {asterisk, b and i) and in 
cell-rich lesions (circle, b and i) in (he inti- 
mal layer of grafts in Pig"'" mice and was 
less abundantly detectable in the intima 
(circle, g) of Pig*'* mice (/). The media was 
replaced by cell debris and fibrous tissue in 
Pig" 4 (<>< g, and h) but not in Pig ' (b, i, 
and j) recipients. The arrowheads indicate 
the internal elastic laminae and the arrows 
the external elastic laminae. Magnification 
bar is SO tun in a and b and 25 jim in all 
other panels. 



leukocytes had infiltrated the media (compare serial sections 
in Fig. 4, d and /). Since smooth muscle cells typically loose 
their a-actin immunoreactivity once they start to proliferate 
and migrate, these data may suggest that infiltrating leuko- 
cytes locally activate the smooth muscle cells in the media to 
proliferate (Fig. 4 f) and to migrate into the intima. 

The genotypic differences in the media, present at 15 d, be- 
came more pronounced by 45 d. The elastic laminae in the 
grafts in Plg +/+ hosts appeared thin, elongated, and frag- 
mented over large distances, with numerous major breaks 
(Fig. 3, e and /). In contrast, elastic lamina degradation and dis- 
ruption were much less pronounced in the PIg~'~ mice (Fig. 3, 
g and h), suggesting that loss of Pig markedly reduced but did 
not completely prevent elastolysis (perhaps because of the in- 
volvement of other plasmin-independent matrix degrading 
proteinases). CD45- (Fig. 4c) as well as Mac3-immunopositive 
cells (not shown) were numerous in the media in Plg +/+ grafts, 
but only rarely detectable in the media in Pig"'" recipients (ex- 
cept at the rare sites of elastic lamina fragmentation) (Fig. 4d). 
Conversely, a-actin positive smooth muscle cells were numer- 
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ous in the media in Pig"'" arteries (Fig. 4 /), but largely absent 
in the media in Pig*'* mice (Fig. 4 e). The normal media was 
replaced by cell debris, tissue necrosis, and fibrin-rich matrix in 
Plg +/+ (Fig. 4, a and g) but not in Pig"'" mice (Fig. 4, b and i). 
By 45 d, the marked adventitial infiltration by inflammatory 
cells (observed at 15 d) had largely disappeared in Plg +/+ mice 
(Fig. 4 a), whereas only minimal inflammation and fibroblast 
accumulation were present in Pig"'" mice (Fig. 4 b). 

Morphometry analysis. Intimal, medial, and adventitial 
areas were measured at 15 and 45 d after transplantation. In 
15-d transplants, the intimal area of the grafts was somewhat 
larger in Plg*' + mice (0.0t0±0.001 mm 2 , n = 8) than in Plg~'" 
mice (0.006±0.001 mm 2 , n = 8, P = NS). but by 45 d, the in- 
tima was significantly larger in PIg +/+ mice (0.069±0.0Q2 mm 2 ) 
than in Pig"'" mice (0.025 ±0.004 mm 2 , n = 9, P < 0.001 by un- 
paired t test). No significant genotypic differences were found 
in the medial areas at 15 d (0.041 ±0.002 mm 2 in Plg +/+ vs. 
0.030±0.004 mm 2 in Pig"'" mice, n = 8, P = NS), nor at 45 d 
after transplantation (0.047+0.004 mm 2 in Plg +/+ vs. 0.039±0.003 
mm 2 in Pig"'" mice, n = 9, P = NS). The adventitial area was 




Table L Cell Counts in the Medial and Intimal Layers ofPlg +/ * 
and Pig''- Recipient Mice in Normal Carotid Artery and in 
Carotid Grafts at 15 and 45 d after Transplantation 



lntima Media 





Cell lypc 


Pig*" 




Plg«" 


Pig' 


Control arteries 


a-aclin 


0 


0 


120±14 


110+11 




CD45 


0 


0 


0 


0 




Mac3 


0 


0 


0 


0 


15-d transplant 


u-actin 


0 


0 


130±19 


no±5 




CD45 


50±9 


51±9 


17+6* 


0.4±0.4 




Mac3 


24±8 


ll±4 


18+10* 


0J+0.2 


45-d transplant 


a-actin 


170+27* 


I2±7 


5+2* 


49±I7 




CD45 


43*12 


48+14 


23±7* 


4+1 




Mac3 


16*3* 


33+6 


1715 1 


5±1 



Cell counts were performed on four sections per transplant equally 
spaced throughout 1,500 u.m starting from the center of the graft, which 
were then averaged. The data represent the mean±SEM of these aver- 
ages in eight grafts per genotype and per time point *P < 0.05, *P < 
0.005: and X P < 0.001 by unpaired Student's / test versus Pig". 



threefold larger in Plg w+ than in Pig ' mice by 15 d 
(0.1 50+0.020 mm 2 in Plg +/+ vs. 0.055+0.006 mm 2 in Pig", * » 
8, P < 0.001 by unpaired Student's / test). However, by 45 d, 
the adventitial areas were comparable in both genotypes 
(0.062+0.007 mm 2 in Pig*'* vs. O.Q58+0.01 1 mm 2 in Pig"'". n = 9, 
P « NS). 

Cell counts. In control carotid arteries, the intima was de- 
void of leukocytes and smooth muscle cells, whereas the media 
consisted exclusively of a-smooth muscle actin positive cells 
(Table I). By day 15 after transplantation, a similar number of 
intimal leukocytes and macrophages and of medial a-actin 
positive smooth muscle cells was present in both genotypes, 
whereas there were significantly more CD45 + and Mac3* cells 
in the media of grafts transplanted in Pig*'* than in Pig - '" re- 
cipients. By 45 d, the intima of the transplants in Plg +/+ mice 
contained 13-fold more a-actin positive cells than in Plg~'~ 
mice. Although a similar number of CD45+ leukocytes was 
present in the intima in Plg*' + and Pig"'" mice, fewer Mac3- 
immunoreactive macrophages were present in the intima in 
Pig*'* than in Plg~'" recipients. The transplant media in Pig*'* 
recipients was almost devoid of a-actin positive smooth muscle 
cells, wnereas a-actin smooth muscle immunoreactive cells 
were numerous in the transplant media in Pig ^ hosts. There 
were significantly more CD45- and Mac3-immunostaincd cells 
in the transplant media in Plg +/+ than in Pig' 7 ' hosts. 

Cellular proliferation. Cellular proliferation was quantified 
by determining the percentage of BrdU-stained ceils. By 15 d 
after transplantation, cellular proliferation rates were similar 
in the transplant intima in Plg*' + mice (21 ±5%) and in Pig"' - 
mice (20±9%; n « 8, P = NS), but significantly higher in the 
transplant media in Pig*'* mice (15±3%) than in Pig"'" mice 
(O±0.6%; n = 8, P < 0.01 vs. Pig"'" by Student's t test). By 
45 d, corresponding rates in the transplant intima were 19+3% 
in Pig*'* mice and 8±3% (n = 9, P = NS) in Pig"'" mice, and, 
in the media, 12+3% in Plg +/+ mice and 6±2% in Pig"'" mice 
(„ = 9,/> = 0.066). 

Expression of PAs. The expression of t-PA, u-PA, and 
PAI-1 was immunocytochemically analyzed in control arteries 



(n = 3) and in wild-type arteries transplanted into PIg +/+ recip- 
ients (n = 3). u-PA was undetectable in a control carotid ar- 
tery; however by 15 d after transplantation, it was strongly in- 
duced in most medial and in .imal cells, and in some cells 
scattered throughout the enlarged adventitia of the graft. By 
45 d, u-PA expression still persisted in the media and the in- 
tima (Fig. 5, a-c). t-PA immunoreactivtty was undetectable in 
the endothelium of a normal carotid artery, consistent with 
previous observations (16), but was detected in some medial, 
intimal, and adventitial cells by 15 d, and became restricted to 
a few cells in the intima and the media by 45 d (Fig. 5, </-/). 
Overall, fewer cells expressed t-PA than u-PA in the trans- 
plants. PAI-1 immunoreactivity that was minimal or undetect- 
able in the media in control carotid arteries became induced in 
a small fraction of medial and intimal cells by 15 d, and was re- 
stricted to only a few intimal cells by 45 d (Fig. 5,g-i). Despite 
differences in cell composition in the grafts transplanted into 
Pig*'* and Pig*'" recipients, a comparable staining for PAs 
and PAI-1 was observed in 15 as well as in 45-d transplants 
(data not shown). This suggests that comparable levels for PAs 
and PAI-1 were present in different wound cells (smooth mus- 
cle cells, leukocytes, and fibroblasts) as also observed in in- 
jured arteries (16. 17). That expression of PAs and PAI-1 was 
comparable in both genotypes should not be surprising since a 
compensatory upregulation of PAs has never been detected in 
any of our previous mouse models. For example, u-PA was not 
increased in t-PA-deficient mice, and vice versa, t-PA activity 
was not changed in u-PA-deficient mice (18). In addition, PA 
expression and PAI-1 expression were similar in injured arter- 
ies in Plg +/ * and in Pig"'" mice (19). 

In situ zymography. u-PA and t-PA activities were mea- 
sured by in situ zymography using fibrin overlays. Because of 
the high affinity for and activation by fibrin, t-PA has a greater 
specific activity than u-PA in this assay. t-PA-mediated lysis of 
the fibrin gel was evaluated by inclusion of u-PA immunoneu- 
tralizing antibodies (200 jig/ml) in the gel. Lysis over carotid 
sections from transplants after 15 d (0.88+0.18 mm 2 , n = 4) or 
after 45 d (0.87+0.29 mm 2 , n = 4) was slightly higher than lysis 
over sections of a control carotid artery (0.42+0.06 mm 2 , n = 
4, P = NS). u-PA-mediated lysis of the fibrin overlay was 
quantified after addition of neutralizing t-PA antibodies (200 
jig/ml). Lysis over control carotid arteries was minimal 
(0.006+0.003 mm 2 , n = 5), but was increased dramatically over 
the allograft sections by 15 d (0.186+0.035 mm 2 , n = 5, P < 
0.001 vs. control) and by 45 d (0.219+0.066 mm 2 , n = 5, P < 
0.001 vs. control) after transplantation. Lysis was completely 
inhibited by additional inclusion of neutralizing u-PA antibod- 
ies, indicating that the markedly increased lysis was essentially 
due to u-PA activity. Although the amount of u-PA-mediated 
lysis, attributable to two-chain u-PA (which is already active in 
the gratt) or to single-chain u-PA (which can become activated 
during the assay procedure) cannot be distinguished, the data 
nevertheless suggest that expression and/or activity of u-PA 
are significantly increased in the allografts. These data are con- 
sistent with the enhanced u-PA immunostaining and with pre- 
vious findings in the atherosclerotic aorta, in which net u-PA 
activity is significantly increased compared with control aorta 
(11). Similarly, u-PA expression is increased more than t-PA 
(as judged by the in situ activity measurements); however, 
somewhat different from the atherosclerotic model, t-PA ex- 
pression (evidenced by immunostaining) is more widely 
spread in the transplant model. Whether this relates to a dif- 
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Figure 5. Immunohistochemical staining of u-PA {a-c), t-PA (d-/), and PAI-1 (g-i) in transverse sections of control carotid arteries and carotid 
arteries transplanted into Plg w+ mice. u-PA, t-PA, and PAI-1 expression was not detectable in normal carotid arteries {a, tt % and g) but was sig- 
nificantly induced in the transplanted vessels at 15 (ft, e, and ft) and 45 d <c,/, and /) after transplantation. The arrowheads indicate the internal 
elastic laminae and the arrows the external elastic laminae. Magnification bar is 25 jim in all panels. 



ferent microenvironment of cytokines/growth factors pro- 
duced in the transplant versus in the atherosclerotic plaque re- 
mains to be determined. That t-PA fibrinolytic activity is only 
minimally increased (despite the more significant increase in 
t-PA immunostaining) probably suggests that activity of t-PA 
is inhibited more than that of u-PA. Similar observations were 
made during arterial intima formation (16). Nevertheless, we 
cannot exclude that t-PA plays a role in cellular migration and/ 
or tissue remodeling during transplant arteriosclerosis. 

Expression of meiulluproteinases in carotid transplants. 
Immunostaining revealed that MMP-3, MMP-9, MMP-12, and 
MMP-13 were undetectable in control carotid arteries (Fig. 6, 
a, c. e. and g). Instead, in the 15-d transplants, MMP-3 and 
MMP-13 (which are generally more abundantly expressed by 
smooth muscle cells) were significantly induced throughout 
the media (MMP-3) (Fig. 6 b) or throughout the media and in- 
tima (MMP-13) (Fig. 6/i). MMP-9 and MMP-12 (typical mac- 
rophage-derived proteinases) were highly expressed in distinct 
cell clustt/s in all three layers of the grafted arteries (MMP-9) 
(Fig. 6 d), or in discrete groups of cells in the media or adventi- 
tia in the immediate vicinity of degraded elastin fibers (MMP- 
12) (Fig. 6/). By 45 d, an essentially similar staining intensity 
was observed, although the number of immunoreactive cells 
was slightly reduced (in particular of MMP-13) (not shown). 
Comparable stainings were observed in the allografts of both 
Plg +/+ and Pig"'" mice, although staining became only signifi- 
cantly induced after activation of the medial cells, as judged 



from lamina disruption and infiltration of leukocytes in the 
media (data not shown). 

Role ofhost-versns-grafi-derived Pig. These data indicate that 
Pig, circulating in the plasma of the recipient hosts, significantly 
influences the development of allograft arteriosclerosis. Al- 
though Pig is primarily produced by the liver, minima) amounts 
of Pig expression have been documented in extrahepatic tissues, 
including the brain (20). Therefore, the possible role of Pig, pro- 
duced by the graft cells, was evaluated by transplanting carotid 
arteries from Pig* '* or Pig"'" donors into wild-type CBA mice. 
Histological analysis revealed that Plg +/+ as well as Pig"'" donor 
allografts developed a large neointima with all of the typical his- 
tological hallmarks of adventitial remodeling, elastic lamina 
degradation, leukocyte infiltration into the media, medial cell 
proliferation, accumulation of smooth muscle-actin cells in the 
intima, and lack of fibrin-rich thrombi (Fig. 7,a-d) as observed 
in Plg +/t B10.A2R arteries, allografted into Plg*' + C57B167129 
mice. Furthermore, morphometric analysis indicated no geno- 
type-related differences in the cross-sectional area of the intima 
(0.051 ±0,010 mm 2 in Pig*" vs. 0.G56±0.018 mm 2 in Pig '" trans- 
plants, n = 5, P = NS), of the media (0.045*0.003 mm 2 in Pig 4 '* 
vs. 0.066+0.005 mm 2 in Pig '" transplants, n = 5, P = NS), or 
of the adventitia (0.073±0.006 mm 2 in Plg fM vs. 0.091 ±0.005 
mm 2 in Pig''" grafts;/! = 5, P = NS) at 45 d after transplanta- 
tion. Taken together, these results indicate that Pig, circulating 
in the plasma of the recipient, is permissive for the arteriopathy 
response in the transplants. 
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figured. Imriunohistochemical staining of 
MMP-3 (a and fr), MMP-9 (c and «/), MMP- 
12 (e and /), and MMP-13 (g and A) in 
transverse sections of control carotid arter- 
ies and arteries transplanted into Pig*'* 
mice. Expression of MMPs was undetect- 
able in normal carotid arteries (a, c, e, and 
g), but significantly induced in the trans- 
planted vessels at 15 d (6, </,/, and H). MMP 
expression was detected for MMP-3 in the 
proliferating media, for MMP-9 in all three 
cell layers of the transplants, for MMP- 12 
in the medial and adventitial layers, and for 
MMP-13 in the proliferating media and in- 
tima. The arrowheads indicate the internal 
elastic laminae and the arrows the external 
elastic laminae. Magnification bar is 25 pjn 
in all panels. 



Discussion 

In previous reports, the role of the immune response and the 
consequences of hyperlipidemta on graft arterial disease have 
been studied (6, 21-24). This study demonstrates that plasmin 
proteolysis is also important for the development of graft arte- 
rial disease. Indeed, in the absence of circulating Pig, adventi- 
tial inflammation is diminished, degradation of the elastic lam- 
inae retarded, infiltration by macrophages into the media 
impaired, media necrosis reduced, proliferation of smooth 
muscle cells suppressed, and migration and accumulation of 
smooth muscle cells in the intima largely prevented. The in- 
volvement of the Pig system is further illustrated by the upicg- 
ulated expression of PAs. 

It has been proposed that leukocytes, once infiltrated into 
the media, produce several cytokines which trigger prolifera- 
tion and migration of medial smooth muscle cells into the in- 
tima (4, 5, 23). Our observations that leukocyte infiltration 
into the media precedes smooth muscle cell proliferation and 
migration, and that smooth muscle cells in Plg~'~ recipients ac- 



cumulated at sites of internal elastic lamina rupture, where 
leukocytes had infiltrated the media, are consistent herewith. 
Whereas studies in other gene-inactivated mice demonstrated 
that the size of the allograft intima is largely determined by the 
accumulation of smooth muscle cells, and less so, of leuko- 
cytes, collagen, or lipid (6, 22-24), this study indicates that the 
neointima in PIg~'~ recipients was only 3-fold smaller tfcan in 
Plg +/+ recipients, yet 13-fold fewer smooth muscle cells accu- 
mulated in their intima. However, the presence of fibrin de- 
posits in the intima in PIg~'~ recipients significantly contrib- 
uted to the neointimal area in this genotype. 

Pig deficiency impairs leukocyte recruitment, especially of 
monocytes, during inflammatory responses (10, 14). This is 
also true in the present model as evidenced by the reduced ad- 
ventitial inflammation in grafts transplanted into Plg~'~ recipi- 
ents. Furthermore, plasmin is also important for leukocytes to 
infiltrate into the transplant media, and for smooth muscle 
cells to migrate into the intima of the allograft, similar to its 
role during atherosclerotic aneurysm formation and arterial 
stenosis (11, 16. 17, 19). Interestingly, however, comparable 
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Figure 7. Light microscopic analysis of 
transverse sections through Pig " * (a and c) 
and Pig"'" (b and d) carotid grafts trans- 
planted into wild-type recipients, 45 d after 
transplantation. Pig*'* as well as Pig"' al- 
lografts developed a large neointima within 
45 d of transplantation (a and ft), with all 
typical characteristics of adventitial remod- 
eling, elastic lamina degradation, leukocyte 
infiltration into the media, medial cell pro- 
liferation, accumulation of a-smooth mus- 
cle cells in the intima (c and rf), and lack of 
fibrin-rich thrombi as observed in #ild-type 
carotid arteries grafted into Pig*'* mice. 
The arrowheads indicate the internal elas- 
tic laminae and the arrows the external 
elastic laminae. Magnification bar is 25 p.m 
in all panels. 



numbers of leukocytes infiltrated underneath the endothelium 
in both genotypes, indicating that subendothelial leukocyte in- 
filtration does not critically depend on plasmin proteolysis, as 
also previously suggested by the similar growth of atheroscle- 
rotic fatty streaks in mice deficient in apo E, in apo E and u-PA, 
or in apo E and t-PA (11). Thus, plasmin plays a role in the 
degradation of some (elastin and collagen in the media) but 
not other (laminin and fibronectin in the subendothelial extra- 
cellular matrix) matrix components. 

The Pig system may contribute to cell invasion in several 
manners: (a) via plasmin-mediated degradation of extracellu- 
lar matrix components (9, 11); (b) via plasmin-mediated acti- 
vation or liberation of chemotacttc growth factors sequestered 
within the matrix, such as hepatocyte growth factor, basic fi- 
broblast growth factor, vascular endothelial growth factor, or 
TGF-01, which would attract leukocytes into the media or 
stimulate smooth muscle cells to emigrate into the intima (25- 
27); (c) via intracellular signaling mediated through the u-PA- 
u-PAR pathway (28); or (d) via an effect on cell-matrix inter- 
actions through a molecular interplay between u-PA, u-PAR, 
PAM, vitronectin, and mtegrins (29). Although direct evi- 
dence for the latter three hypotheses is not available, their pos- 
sible involvement cannot be excluded either. It is likely that 
the role of plasmin in cell invasion is* at least in part, mediated 
by degradation of extracellular matrix components, such as fi- 
brin. Fibrin deposits were detectable in the subendothelium in 
15-d grafts transplanted in either PIg +i * or Plg~'~ recipients, 
but much less frequently and abundantly as compared with 
those present in the intima of Pig - ' - grafts or in the media of 
Pig*'* grafts at 45 d. Nevertheless, it is possible that the in- 
creased amounts of fibrin deposits in Pig - ' - mice impede leu- 
kocyte infiltration into the media. That fibrin can be a barrier 
for infiltrating cells was demonstrated in a previous study 
whereby keratinocyte migration was impaired in Pig"' " mice 
and restored in Pig"'* mice that also lacked fibrinogen (30). 

Whereas plasmin may degrade fibrin, laminin, and fi- 
bronectin directly, it is unable to directly degrade the insoluble 
elastin or collagen fibers and, therefore, most likely activates 
other proteinases. The present findings that MMP-3, MMP-9, 



MMP-12, and MMP-13 were induced after grafting and colo- 
calized with PAs at sites of elastin degradation and smooth 
muscle cell emigration suggest that plasmin may activate 
downstream MMPs. In a recent study, plasmin production by 
macrophages in atherosclerotic plaques was also found to be 
responsible for proteolytic degradation of the elastic laminae, 
probably via activation of MMPs (II). However, direct proof 
for the causal involvement of MMPs in this process has to 
await similar studies in mice with inactivated MMP genes. 

Media necrosis, associated with emigration of smooth mus- 
cle cells into the intima, was more severe in Plg +/+ than in Plg"' - 
recipients. Gradual infiltration of the media by macrophages 
with loss of smooth muscle cells has been reported previously 
(31). Three alternative mechanisms have been proposed: (a) 
emigration of smooth muscle cells into the intima: (b) pheno- 
typic switch of the smooth muscle cells to a macrophage-like 
phenotype; and (c) destruction of smooth muscle cells by the 
infiltrating macrophages. As discussed above, migration of 
smooth muscle cells into the intima was enhanced by Pig. Al- 
though the second hypothesis cannot be excluded, smooth 
muscle cell killing by infiltrating leukocytes is also a possible 
mechanism, as a similar loss of ot-actin smooth muscle cells in 
the media appeared conditional on prior leukocyte infiltration 
into the atherosclerotic media (11). Macrophages could medi- 
ate the killing by releasing death signals (32), or alternatively, 
by disrupting the normal matrix architecture and cell-matrix 
interactions, triggering thereby anoikis of smooth muscle cells 
(33). 

In conclusion, plasmin proteolysis plays an essential role in 
the development of graft arterial disease by controlling the in- 
filtration of leukocytes in the media and, secondarily, the mi- 
gration of smooth muscle cells into the intima. Previous studies 
in mutant or transgenic knockout mice with various defects in 
their immune response (6, 23) have indicated the importance 
of leukocytes in orchestrating the immune response in the al- 
lograft. Our study adds another dimension to the pathogenetic 
factors which contribute to this disease. That plasmin plays a 
pathophysiologically significant role in transplant arterioscle- 
rosis, possibly by activation of pro- MMPs in vivo, might have 
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implications for the design of therapeutic strategies against 
graft vascular disease. 
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2. White JV, Haas KS, Phillips SJ, Gomcroa AJ. Adventitial 
clastolysis is a primary event in aneurysm fonnatkm. J Vasc 
SURG 1993;17:371-81. 

AORTIC DISEASE IN TRANSGENIC MICE 
CONTAINING ELaSTTN GENE MUTATIONS 

Elastin is the major protein component of elastic fibers and is 
responsible for the resilient properties that elastic fibers confer on 
all clastic tissues. 1 Highly mythic and extensively cross- linked, 
clastin is assembled from a family of isofbrms of a soluble precursor 
protein coU ec tivdy referred to as tropoelastin. 2 Tropoelasnn 
isofbrms arc hydrophobic proteins with an average molecular 
weight of approximately 70 kd. This family of precursor proteins 
are synthesized from a single copy multiexon gene of apprjoxi- 
mately 40 kb in length. 3 The various isoforms of oopoelastin arise 
through a complex pattern of tissue-specific and dcvclopmentalry 
regulated alternate usage of several exons within the tropoclastin 
gene* 

Although considerable information is now available concern- 
ing the biology and irmlfmlar biology of clastin in several 
vertebrate species, mctnding human and rat, very tittle evidence is 
currently available concerning the existence and possible rote of 
mutations in the tropoclastin gene in the pathogenesis of diseases 
of elastic tissue. It has been known for some time that altered 
clastin synthesis is associated with a variety ofacquiicd and fornix 
di<y*«r* ranging from skin disorders 4 to aortic aneurysms,' but 
only very recently has evidence for a direct causal role for elastin in 
the development of an elastic tissue disease been reported. Ewart 
and co-workers 6 and Olson et al. 7 have shown by linkage analysts 
that heritable forms of supravalvular aortic stenosis (SVAS) map 
to a locus on the long arm of human chromosome 7 (7ql 1.2) that 
includes the gene encoding tropoclastin. However, although some 
limited mutational analysis within the 7qll.2 locus has demon* 
strated the presence of large mutations involving all or part of the 
trorjoelastm genes that are associated with the development of 
SVAS, 1 it is not yet rsrahfahrd whether a mutation in the 
nopochstin gene will result in cither SVAS or any clastic tissue 
disorder. 

Transgenic construction and expression 

To directly address the hypothesis that m u t a tion s in the 
tropoclastin gene will cause an clastic tissue disorder, wc have 
recently embarked on the construction of transgenic mice that 
contain minigenc recombinants encoding rat tropoclastin! into 
which wc had introduced several mutations. These minigene 
constructs f-n iT?in rd a mt mN T "f fertnio nal domains, including 
&2 kbp of the promoter region of the rat tropoelasnn gene 
upstream of the most 5' exon, a single intron (intron 35), the 
complete S'-unrjansbtcd region contained in exoo 36 (the most 3' 
exon of the rat tropoclastin gene 9 ), and varying exo mc sequences 
covering coding domains lepnanuul in cDNA recombinants. 
With a total of four such minigene constructs containing other the 
complete coding sequence for rat tropoclastin or U* Iti iVg exon 
sequences within the 5* or 3* end of the gene, a total of 600 
fertilized mouse embryos were 

constructs. After implantation of injected embryos into pseu do - 
prcgnant mice, a total of 113 live births were noted. By use of rat 
specific olignniiflforinV primers, wc demonstrated, using a poly- 
merase chain reaction (PGR) assay on rat tail genomic DNA, that 
the minigene constructs were integrated in the genome of 28 of 
these founder mice. Moreover, with a reverse transcriptase- PGR 
assay, wc were able to show that these tat tropodastin minigenc 



constructs were expressed as mRNA seauenccs present in total 
RNA i s o l at ed from a number of different tissues obtained from 
neonatal progeny in some of the founder mice. Trie expression of 
these minigene constructs appears to be tissue specific in the 
neonatal m ic e . With the same reverse transcriptase- PGR assay on 
total RNA from several tissues from adult transgenic mice, 
however, it was dear that the transgenes were not subject to the 
same developmental regulation trppo^rH on the endogenous 
mouse tropoelasun gene From these expression studies wc were 
able to rrmchtftV that the DNA sequence elements neccssarvfor 
tissue specific cipi tssion of the oppoelastin gene are located within 
the 3.2 kbp of promoter sequence present in aQ the minigene 
recombinants. The same domain, however, clearly lacks the 
as -acting regulatory regions required for developmental regula- 
tion of the tropoclastin gene. 

Phenotypic evaluation 

Histopathologic analysis of several tissues from neonatal and 
adult transgenic animals that contained either the complete rat 
tropoclastin coding sequence or a minigenc construct that lacked 
13 exons (exons 19 to 31) at the 3' end of the gene has revealed 
altered clastic fiber deposi t i o n in aortic tissue in transgene animals 
expressing this truncated rat tropoclastin. An elastic fiber stain of 
ih^ jyrrKliHg ******* in rate nf trwflf transgenic animals, for example, 
revealed a markedly hypoplastic clastic fiber and evidence for 
rupture of the thoracic aorta. This histopathologic evaluation, 
together with significantly reduced litter sizes and increased 
incidence of birth defects in progeny containing this truncated rat 
tropoclastin minigene, provides the very first evidence demon- 
strating that mutations in the tropoclastin gene will disrupt elastic 
fiber assembly and clastic tissue function. 

JanL Settler 
Omits D. Boyd 

AMDNJ-Robcrt Wood Johnson Mzdkal School 
New Bnmswuk, NJ. 
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Abstract. We have constructed several rat tropoelastin minigene recombinants 
encoding the complete sequence of rat tropoelastin, two isoforms of rat 
tropoelastin and a truncated tropoelastin lacking the domains encoded by 
exons 19-31 of the rat gene. Coding and non-coding domains in all these 
recombinants were placed under the transcriptional control of 3 kb of the 
promoter domain of the rat tropoelastin gene. These minigenes were used to 
prepare a total of 28 separate founder lines of transgenic mice. A spfecies-specific 
reverse-transcriptase polymerase chain reaction (RT-PCR) assay was established 
to demonstrate the synthesis of rat and mouse tropoelastin mRNA in several 
tissues obtained from both neonatal and adult transgenic mice. Thermolytic 
digestion of insoluble elastin isolated from several neonatal mouse tissues 
revealed the presence of rat tropoelastin peptides in progeny from all those 
founder mice in which detectable levels of rat tropoelastin mRNA were noted. 
Phenotypic and histopatho logical assessment of transgenic and non-transgenic 
animals revealed the development of two diverse elastic tissue disorders. The 
progeny of two separate founder lines overexpressing the rat tropoelastin isoform 
lacking exon 33, developed an emphysematous phenotype in early adulthood. In 
contrast, transgenic mice, in which expression of the truncated rat tropoelastin 
minigene lacking exons 19-31 had been observed, died of a ruptured ascending 
aortic aneurysm. Tropoelastin gene mutations, therefore, will result in heritable 
disorders of elastic tissue. Moreover, different mutations in the tropoelastin gene 
will be responsible for very different abnormalities in elastic tissue function .j 

1995 The molecular biology and pathology of elastic tissues. Wiley, Chichester 
(Ciba Foundation Symposium 192) p 1 48-171 



Elastic fibres are extracellular matrix structures responsible for the properties 
of resilience and elastic recoil in all elastic tissues (Parks & Deak 1990, 
Rosenbloom 1984). There are two morphological components to elastic fibres, 
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the microfibrillar component and the amorphous component (Mecham & 
Heuser 1991). The microfibrillar component is made up of 10-12 nm micro- 
fibrils that are composed of at least seven different glycoproteins, the best 
characterized of which are two genetically distinct 340 kDa glycoproteins 
called fibrillins (Gibson et al 1991, Lee et al 1991). Elastin constitutes the 
amorphous component of elastic fibres and is assembled on the microfibrillar 
scaffold from a soluble precursor, tropoelastin (Indik et al 1990). Over the last 
five years, extensive sequence analysis of cDNA and genomic DNA 
recombinants encoding tropoelastin from several phylogenetically diverse 
species has revealed that tropoelastin is indeed a family of hydrophobic 
proteins, all approximately 70 kDa and synthesized from a single-copy, 
multiexon gene by extensive alternate usage of several exons (Indik et al 1990, 
Boyd et al 1991, Pierce et al 1990). A typical isoform of tropoelastin is 
characterized by alternating hydrophobic domains (rich in glycine, valine and 
proline) and alanine-rich, lysine-containing sequences. These lysine-containing 
regions serve as a substrate for the formation of lysine-derived cross-links 
(desmosines and isodesmosines) that are formed during the assembly of elastin 
(Rosenbloom 1984). The formation of desmosine and isodesmosine cross-links 
is catalysed by an elastic fibre-associated enzyme, lysyl oxidase (Kagan 1986). 
Both the hydrophobic domains and the desmosine cross-links in elastin are 
necessary for the property of elastic recoil. 

There are a variety of disorders characterized by abnormal elastin synthesis 
and a concomitant deposition of aberrant elastic fibres. Common, multi- 
factorial diseases such as hypertension (Mecham et al 1987, Deyl et al 1985, 
Iredale et al 1989), atherosclerosis (Kramsch & Hollander 1973), actinic 
elastosis (Uitto et al 1989) and even some forms of breast cancer (Glaubitz et al 
1984) involve increased accumulation of elastin and an associated deposition of 
morphologically atypical elastic fibres. Several, less common, heritable diseases 
are also characterized by an aberrant deposition of elastic fibres associated with 
either increased or decreased accumulation of elastin. For example, abnormal 
deposition of elastic fibres is characteristic of Marfan's syndrome (Hollister 
et al 1990) and supra valvular aortic stenosis (SVAS) (O'Connor et al 1985). 
Cutis laxa is a heritable cutaneous disorder characterized by reduced elastin 
synthesis (Olsen et al 1988). In contrast, pseudoxanthoma elasticum and the 
Buschke-Ollendorff syndromes are examples of heritable skin diseases in which 
an increased deposition of elastin has been demonstrated (Neldner 1988, Uitto 
& Shamban 1987). 

In all of the rare and more common diseases of elastic tissue, the presence of 
mutations in genes responsible for the synthesis of elastin fibre proteins 
has been causally implicated. However, only in Marfan's syndrome have 
mutations in a fibrillin gene been identified that are clearly responsible for the 
pathogenesis of this disease (Dietz et al 1991). Although several recent reports 
of large mutations involving the tropoelastin gene have been described in 
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patients with SVAS (Curran et al 1993, Ewart et al 1994), there is no evidence 
to date that unambiguously shows that tropoelastin gene mutations will result 
in any elastic tissue phenotype. 

Transgenic mice have been used extensively in the past to show that gene 
mutations will result in the pathogenesis of a wide range of heritable diseases 
(Jaenisch 1988, Palmiter & Brinster 1986). Recently, for example, mutations in 
the gene encoding type X collagen have been introduced into transgenic mice 
and have been shown to be responsible for the development of skeletal 
deformities in transgenic progeny (Jacenko et al 1993). Using a similar 
approach, in this paper we describe the construction of four rat tropoelastin 
minigenes, the introduction of these recombinants into transgenic mice and a 
biosynthetic, phenotypic and histopathological examination of mouse elastic 
tissue synthesizing normal and aberrant rat tropoelastin. The results 
demonstrate, for the first time, that mutations in the tropoelastin gene will 
cause an elastic tissue disorder. The diverse phenotypes that develop as a 
consequence of different tropoelastin gene mutations, moreover, establish an 
important precedent for a role for mutations in the tropoelastin gene in 
analogous human disorders of elastic tissue, including SVAS. 

Results and discussion 

Elastin is a polymer assembled from one or more isoforms of a monomeric 
subunit (Mecham & Heuser 1991). Our reasoning behind the construction of 
several founder strains of transgenic mice was that the introduction of an 
exogenous tropoelastin gene containing a mutation would result in the synthesis 
of abnormal tropoelastin monomers that would be incorporated into elastin 
together with the normal, endogenous mouse tropoelastin. If the exogenous 
tropoelastin is expressed at high enough levels and if the domain of tropoelastin 
affected by the mutation is important to elastin synthesis, then disruption of 
elastic fibre assembly and subsequent elastic tissue function should be apparent. 
In other words, the synthesis of the endogenous mouse tropoelastin should not 
mask a phenotype resulting from a mutation introduced into a tropoelastin 
gene. Indeed, the synthesis of endogenous, normal tropoelastin may be an 
important prerequisite to maintaining a non-lethal phenotype. 

In preparation for the development of several founder transgenic animals, 
we prepared four constructs using our previously characterized cDNA and 
genomic DNA recombinants (Pierce et al 1990, 1992, Alatawi 1994) encoding 
rat tropoelastin (Fig. 1). All four recombinants contained approximately 3 kb 
of genomic DNA upstream of exon 1 of the rat tropoelastin gene. By DNA 
sequencing and expression studies (using the chloramphenicol acetyltransferase 
[CAT] reporter gene), we have shown that this 3 kb fragment contained many 
of the promoter elements necessary for the initiation and possible regulation of 
transcription of the rat tropoelastin gene (Sechier et al 1995a). This promoter 
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domain was followed by rat tropoelastin cDNA sequence corresponding to 
coding domains within exons 1-35. A single intron (intron 35) from the rat 
tropoelastin gene was introduced downstream of the cDNA sequence, followed 
by exon 36 which contained the termination codon and the complete 3' 
untranslated domain. 

The first of these minigene constructs (Tropoprom-1) contained the 
complete coding sequence for rat tropoelastin. Tropoprom-2 was identical to 
Tropoprom-1 except it lacked the cDNA sequence encoded by exon 33. 
Tropoprora-3 lacked the coding domain complementary to exons 13-15. The 
final construct, Tropoprom-4, lacked the coding sequence contained within 
exons 19-31 (Fig. 1). 

Tropoprom-1 is essentially a control construct that was developed to 
establish that a normal elastic fibre will develop as a chimaera of mouse 
tropoelastin and the predominant, constitutively spliced isoform of rat 
tropoelastin. Tropoprom-2 and Tropoprom-3 should result in the synthesis 
of alternatively spliced isoforms of rat tropoelastin that lack exon 33 and exons 
13-15, respectively. If the developmen tally regulated and tissue-specific pattern 
of alternate usage of exon 33 (Heim et al 1991) is important to elastic fibre 
assembly, then the appearance of abnormal amounts of the tropoelastin 
isoform lacking the domain encoded by exon 33 should influence elastin 
assembly at least in some tissues. Similarly, Tropoprom-3 (lacking exons 
13-15) should, if expressed in transgenic mice, also test the functional 
significance of splice variants of tropoelastin that lack the amino acid sequence 
encoded by these three exons (Pierce et al 1990). Tropoprom-4 contains a 
mutation lacking 13 exons at the 3' end of the rat tropoelastin gene. If a 
disruption of coding sequence within the tropoelastin gene (not an aberration 
of synthesis of the pattern of tropoelastin isoforms) will result in an elastic 
tissue disorder, expression of this large mutation in the Tropoprom-4 construct 
should result in an elastic tissue pathology. 

These four rat tropoelastin minigene constructs were separately injected into 
-£the male pronuclei of approximately 600 fertilized mouse embryos. The 
injected embryos were then implanted into pseudopregnant mice. A total of 
113 live births were recorded. Using mouse tail genomic DNA and a PCR 
assay specific for the rat minigene recombinants, we demonstrated that 28 of 
these 113 founder mice contained the rat constructs integrated into genomic 
DNA. Four founder mice contained Tropoprom-1, 11 animals contained 
Tropoprom-2, 10 transgenic mice had integrated Tropoprom-3 into genomic 
DNA and three founder mice contained Tropoprom-4. 

Expression of rat tropoelastin minigenes in transgenic mice 

Founder transgenic mice (F 0 ) were bred with normal mice and tail clip DNA 
from the resulting progeny (Fj) was analysed for the incorporation of the rat 
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FIG. 1. The rat tropoelastin minigene contructs. Four minigene constructs (referred 
to as Tropoprom 1-4) were assembled from a combination of previously characterized 
rat tropoelastin cDNA and genomic DNA recombinants (Alatawi 1994, Pierce et ai 
1990, 1992). Each minigene contained 3.2 kb of the promoter domain 5' of exon 1. This 
region is indicated as an Xhol (X) and Sau3A\ (S) restriction fragment which also 
included the ATG initiation codon. The positions of a TATA box motif (ATA AA) and 
three CAAT boxes located within this restriction fragment are also indicated. These 
cw-acting consensus sequences are present in ail the Tropoprom constructs but are 
indicated only in the diagram of the Tropoprom-I recombinant. Each Tropoprom 
construct also contains a single intron (intron 35) and the entire exon 36. Exon 36 
encodes the cysteine-containing C-terminus of tropoelastin, a termination codon and a 
3' untranslated domain that includes two polyadenylation signals (AATAAA). This 
region of each Tropoprom construct was isolated as an EcoRV (RV)-EcoRl (RI) 
restriction fragment from a previously characterized genomic DNA recombinant. Each 
Tropoprom construct contained different exon domains represented in several rat 
tropoelastin cDNA recombinants. Tropoprom-1 contains a continuous cDNA sequence 
derived from exons 1-35. Tropoprom-2 contains the identical cDNA sequence but lacks 
the DNA sequence encoded by exon 33. Coding sequence derived from exons 13-15 is 
missing in Tropoprom-3. Exons 19-31 are absent in the Tropoprom-4 recombinant. 



transgene into genomic DNA. Transgenic F x animals, hemizygous for the 
integrated copy or copies of the transgene were then used in a series of 
brother-sister matings to generate an F 2 generation, 25% of which will be 
homozygous for the integrated transgenes. Confirmed homozygous F 2 
transgenic animals and, where necessary, hemizygous F } and F 2 transgenic 
progeny were then used to determine both trangsene copy number and levels of 
expression of the integrated rat tropoelastin minigene constructs. 

Southern blot analysis of transgenic mouse tail genomic DNA, together with 
the appropriate copy number calibration standards derived from the rat 
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minigene constructs, confirmed that a range of copy numbers for the various 
constructs existed. As few as two copies per diploid genome of Tropoprom-3 
were integrated in one founder line and 52 copies of Tropoprom-2 were 
integrated in another transgenic founder (Table 1). 

To assess the transcriptional expression of the integrated transgenes through 
the appearance of mature rat tropoelastin mRNA in transgenic mouse RNA 
preparations, we initially determined the complete derived amino acid sequence 
of mouse tropoelastin from several overlapping RT-PCR products obtained 
from mouse tropoelastin mRNA (Wydner et al 1994). A comparison of the 
coding sequence from mouse and rat tropoelastin message allowed us to 
synthesize mouse- and rat-specific oligomers. Species-specific primer pairs were 
then used to confirm, by RT-PCR analysis, the presence of rat tropoelastin 
mRNA in several tissues from F| progeny of the original founder transgenic 
mice. Screening progeny from 25 of the founder lines (three founder transgenic 
mice containing Tropoprom-2 constructs did not produce any progeny) 
revealed that 32% of these original founder lines did not synthesize detectable 
levels of rat tropoelastin mRNA. All the other founder lines expressed varying 



TABLE 1 Relative levels of expression of rat and mouse tropoelastin mRNA in 
transgenic mouse tissue 



Founder Relative levels of rat tropoelastin mRNA 



Transgene 



Construct 


tine 

number 


Skin 


Lung 


Kidney 


Liver 


Aorta 


copy 
number 


Tropoprom- 1 


508 


809 


26 


189 


812 


ND 


ND 




507 


325 


28 


66 


508 


ND 


25 


Tropoprom-2 


510 


32 


11 


269 


1080 


5 


2 




510* 


ND 


84 


1111 


1250 


ND 


2 




513 


400 


13 


433 


1101 


6 


52 




516 


66 


10 


88 


633 


ND 


19 


Tropoprom-3 


525 


95 


23 


633 


1320 


7 


ND 


Tropoprom-4 


539 


46 


5 


22 


177 


4 


3 




539* 


115 


35 


304 


1036 


ND 


3 




540 


196 


20 


768 


767 


20 


ND 



Total RNA was isolated from several tissues from progeny of eight founder lines of transgenic 
mice. Rat and mouse tropoelastin mRNA was quantitated by laser densitometry scanning of 
autoradiograms of radiolabeled PCR products synthesized as described in the legend to Fig. 2. 
Levels of endogenous mouse tropoelastin mRNA were set in each tissue at 100%. Values 
presented reflect steady-state levels of rat tropoelastin mRNA. We obtained all the results by 
using RNA isolated from neonatal animals (2-3 days old) except for the determinations using 
progeny from the founder lines marked with an asterisk: tissue was obtained from these animals 
at 5 weeks of age. ND, not done. 
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levels of a mature, correctly processed rat tropoelastin mRNA that, appropria- 
tely, lacked intron 35. 

Levels of expression of transcriptionally active transgenes were assessed by 
the use of a quantitative RT-PCR assay in which relative steady-state levels 
of both mouse and rat tropoelastin mRNA were measured (Fig. 2). A set of 
oligonucleotide primers were designed that were complementary to a region 
within exon 9 and exon 17 that was identical in both mouse and rat 
tropoelastin mRNA. RT-PCR amplification using these primers resulted in 
the synthesis of a 510 bp product from mouse total RNA and an almost 
identically sized 516 bp product from rat total RNA. To identify these DNA 
fragments, we took advantage of some unique restriction sites. The 516 bp 
rat amplimer, for example contained a single Apal site. Digestion with Apal 
produced 156 bp and 360 bp fragments. The mouse amplimer lacked this 
restriction site. Apal digestion of co-amplified RT-PCR products from both 
mouse and rat tropoelastin mRNA, therefore, would produce restriction 
fragments readily separable by polyacrylamide gel electrophoresis (Fig. 2). 
Radiolabelling these restriction fragments allowed us to quantitate the 
amount of each species-specific amplimer by densitometric scanning of auto- 
radiograms. 

Using this assay, we screened total RNA preparations from newborn 
progeny obtained from several founder transgenes and the results are 
summarized in Table 1. 

It is clear from these integration and expression studies that the 3.2 kb pro- 
moter domain used in the construction of the rat tropoelastin rninigene 
recombinants is, in many tissues, a strong promoter responsible for the 
synthesis of abundant levels of rat tropoelastin mRNA readily detectable by our 
RT-PCR assay. The regulation of transcription by this promoter domain is, how- 
ever, complex; evaluation of tissue-specific expression of the rat minigenes 
indicated that appropriate expression varied according to the type of tissue. 
For example, levels of expression of the rat transgenes in skin was usually 
comparable to or exceeded that of the endogenous expression of the mouse 
gene. In lung and aorta, however, transgene expression levels were significantly 
lower than the endogenous gene. In mouse kidney and liver, rat tropoelastin 
mRNA levels far exceeded the expression of the endogenous gene. This varied 
expression of the rat rninigene constructs in different tissues suggests that 
different cw-acting elements within or flanking the tropoelastin gene are 
responsible for tissue-specific regulation of transcription. The cw-acting 
elements responsible for expression of the tropoelastin gene in skin seem to 
be represented within the 3.2 kb promoter domain present in the rat transgenic 
constructs. In contrast, the cw-acting DNA sequences necessary for appropri- 
ate expression in lung and aortic tissue are not present in the transgenic 
construct. In particular, the cw-acting elements required for inhibition of 
expression in non-elastogenic tissues such as kidney and liver are absent from 
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FIG. 2. A RT-PCR assay for the relative quantitation of rat and mouse tropoelastin 
mRNA in elastic tissue from transgenic mice. Oligonucleotide primers were designed 
that were complementary to a cDNA sequence encoded by exon 9 (MR9) and exon 17 
(MR 17) in the rat tropoelastin gene that was identical to coding sequence within the 
analogous domains in mouse tropoelastin mRNA. (A) Following reverse transcription 
of tropoelastin mRNA using Moloney murine leukaemia virus reverse transcriptase and 
random hexamer primers, polymerase chain amplification using MR9 and MR 17 
primers resulted in a 516 bp fragment from rat tropoelastin mRNA and a 510 bp 
fragment from mouse tropoelastin mRNA. Apal digestion of PCR products generated 
360 bp and 156 bp fragments from amplimers derived from rat tropoelastin mRNA. In 
contrast, the mouse-derived PCR product did not contain an Apal site. PCR products 
were radiolabeled by including p 2 Pd]CTP in the amplification reaction. Radiolabeled 
DNA fragments were size-separated by electrophoresis through 8% polyacrylamide. 
Polyacrylamide gels were dried and exposed to X-ray film. The sizes of restriction 
fragments (in bp) were calculated from molecular weight DNA markers (1 kbp DNA 
ladder) run in parallel. Panel (A) illustrates the recovery of PCR products, following 
Apal digestion, obtained from RNA isolated from non-transgenic neonatal mouse and 
rat skin. Panels (B) and (C) illustrate the recovery of Apal restriction fragments 
obtained from PCR amplimers prepared from RNA isolated from tissue samples of 
neonatal Tropoprom-2 (TP-2) and Tropoprom-4 (TP-4) transgenic mice. 



the transgenic recombinants. The low levels of endogenous expression in these 
tissues are most likely to originate from the vasculature. 

Another striking observation, clearly evident from these expression studies, 
is that the regions of the tropoelastin gene necessary for the developmental 
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regulation of expression are completely absent from the rat minigene 
constructs (Table 1). While endogenous levels of mouse tropoelastin mRNA 
were shown to decline in total RNA isolated from older transgenic progeny 
(five- week-old mice) rat tropoelastin mRNA continued to be expressed at levels 
comparable to those detected in neonatal tissue. 

Incorporation of rat tropoelastin into elastic fibres in transgenic mice 

It is clear from the analysis of rat tropoelastin mRNA levels described earlier that 
all four minigene constructs are transcriptionally active in the majority of the 
founder transgenic lines created. As an additional prerequisite to an evaluation of 
the effect of expression of a rat tropoelastin gene mutation on elastic fibre forma- 
tion in transgenic mice, we also analysed the incorporation of rat tropoelastin 
into insoluble elastin isolated from several transgenic mouse elastic tissues. 

We could not distinguish between mouse and rat elastin or tropoelastin using 
an immunohistochemical approach because antibodies specific to either rat or 
mouse tropoelastin are not available. To distinguish therefore between rat and 
mouse tropoelastin within a preparation ot insoluble elastin, we took 
advantage of the observation by Sandberg and co-workers that high- 
performance liquid chromatography (HPLC) profiles of thermolytic digests 
of isolated insoluble elastin can be species specific (Sandberg et al 1990). 
These investigators had previously shown clear differences in HPLC profiles 
of thermolytic digests of insoluble elastin isolated from sheep and rat elastic 
tissue (Sandberg et al 1990). More recently, these investigators also demon- 
strated profile differences between preparations of insoluble elastin isolated 
from mouse and rat elastic tissue (L. B. Sandberg, P. J. Roos, unpublished 
observations). These observations immediately suggested a means to identify 
peptides from rat and mouse tropoelastin isolated from the same tissue. 

In collaboration with Dr Sandberg, we demonstrated that differences in 
HPLC profiles between thermolytic digests obtained from rat and mouse 
insoluble elastin arose principally through differences in the frequency of 
hydrophobic peptide repeats within elastin from the two species (Fig. 3). For 
example, from a comparison of the complete amino acid sequence of mouse 
and rat tropoelastin, it is apparent that the hexapeptide VGGVPG is repeated 
six times in mouse tropoelastin and only four times in rat tropoelastin (Wydner 
et al 1994). The largest peak in the HPLC profile prepared from mouse elastin 
is obtained after 37 minutes of elution (we have referred to this peak as P37). 
Protein sequence analysis of P37 revealed that it contained six copies of 
VGGVPG. Sequence analysis of a thermolytic peptide recovered from rat 
elastin after 37 minutes of elution from the HPLC column revealed, 
predictably, only three copies of the same hexapeptide repeat. The size of the 
P37 peak obtained from rat elastin is, as expected, proportionately smaller than 
the P37 peak in the HPLC profile obtained from mouse elastin. 
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FIG. 3. HPLC profiles of thermolytic peptides obtained from insoluble elastin isolated 
from rat, mouse and transgenic mouse skin. HPLC of peptides isolated from insoluble 
elastin following digestion with thennolysin was carried out as previously described 
(Sandberg et al 1990). The largest peak obtained from rat elastin was evident after 
32 min elution off the HPLC column (P32). The largest peak obtained from mouse 
elastin was evident after 37 min elution (P37). These peaks are indicated on the 
chromatograms together with the elutions times of several other peaks (in min). The 
various chromatograms were obtained using neonatal skin tissue from various sources, 
as indicated. 



Similarly, the largest peak in an HPLC profile of a thermolytic digest of rat 
elastin was recovered after 32 min of elution (a peak we have called P32). 
Sequence analysis of this peptide revealed the presence of the tetrapeptides 
ALPG and AVPG. ALPG is repeated four times and AVPG is present at 
three copies in rat tropoelastin. A P32 peak is present in the HPLC profile 
obtained from mouse elastin; the size of the P32 peak correlates exactly with 
the representation of ALPG and AVPG as single copy peptides in mouse 
elastin. 

The size of both the P37 and P32 peaks are clearly an indication of the 
phylogenetic origins of the peptides represented by these peaks (Fig. 3). 
Therefore, we used the P32 : P37 ratio to define the difference between rat and 
mouse elastin. It is apparent from Table 2 that a P32:P37 ratio of 1.414 is 
typical for elastin isolated from rat skin. In contrast, a P32 : P37 ratio of 0.598 
was obtained from mouse skin elastin. 
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TABLE 2 P32:P37 ratios obtained from HPLC profiles of 
tbermolyrJc digests of rat, mouse and transgenic mouse skin 



Tissue source 


r32 : P37 ratio 


Rat 


1.085 


Rat 


1.285 


Rat 


1.872 


Normal mouse 


0.635 


Normal mouse 


0.560 


Tropoprom-1 (#507) 


1.567 


Tropoprom-2 (#513) 


1.082 


Tropoprom-2 (#518) 


1.067 


Tropoprom-3 (#537) 


2.151 


Tropoprom-4 (#539) 


0.292 



P32 and P37 peaks were isolated as fractions from the HPLC column. 
An amino acid composition was then determined for each peak. Total 
peptide concentration in each peak was determined from this 
compositional analysis (in nanomoles). The amount of peptide 
recovered in each peak was then normalized to the total amount of 
peptide applied to the HPLC column. These normalized values 
(nanomoles/mg) were then compared to provide the ratios reported in 
this table. Determinations from skin obtained from three different 
neonatal rats are presented. The average of these ratios is 1.414. Two 
determinations are presented from non-transgenic neonatal mouse 
skin. The average of these ratios is 0.598. 

P32:P37 ratios were then calculated from HPLC profiles obtained from 
thermolytic digests of insoluble elastin obtained from the skin of age-matched 
progeny of several founder transgenic mice. The calculated ratios ranged from 
1.067 to 2.151. This peak ratio was significantly different to the ratio recovered 
from non-transgenic mouse skin and clearly demonstrated the contribution of 
rat peptides to the increased size of the P32 peak and concomitant increase in 
the P32 : P37 ratio. Ratios recovered from some of the transgenic mice were 
intermediate between ratios obtained from normal rats and mice, and reflected 
the presence of chimeric elastin, composed of a mixture of rat and mouse 
tropoelastin. In skin from other transgenic mice, the P32:P37 ratio is 
approximately the same as the peak ratio recovered from normal rat skin. 
These skin samples were obtained from progeny in which we had previously 
shown high levels of expression of the transgenic constructs. The tetrapeptide 
repeats present in the P32 peak are three and four times more abundant in rat 
elastin than mouse elastin. Overexpression of a rat transgene, therefore, will 
readily mask any contribution of these peptides synthesized from the mouse 
tropoelastin gene. 
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The P32:P37 ratio determined from skin isolated from transgenic mice 
containing transcriptionally active forms of the minigene constructs 
Tropoprom 1-3 were all significantly different from non-transgenic mouse 
ratios. Clearly, the rat tropoelastin mRNA we had observed earlier in 
transgenic mouse tissue was responsible for the synthesis of tropoelastin that 
was not only secreted but also incorporated into elastic fibre. 

The P32:P37 ratio recovered from skin obtained from transgenic mice 
expressing the Tropoprom-4 construct is strikingly different to any ratio 
previously seen in skin samples from either transgenic or non-transgenic mice 
(Fig. 3 and Table 2). The Tropoprom-4 construct lacks exons 19-31. The 
repeating tetrapeptides ALPG and AVPG are encoded by exon 22 in the rat 
tropoelastin gene (Pierce et al 1990). Consequently, expression of the truncated 
rat tropoelastin gene present in the Tropoprom-4 recombinant should not 
contribute thermolytic peptides to the P32 peak. Similarly, a single copy of the 
hexapeptide VGGVPG, encoded within exon 24 of the rat tropoelastin gene, 
should also not be represented in the truncated tropoelastin synthesized by the 
Tropoprom-4 construct. However, exon 7 of the rat gene encodes two copies of 
VGGVPG and these hexapeptides will be represented in the aberrant protein 
synthesized from Tropoprom-4. The presence of a truncated rat tropoelastin 
containing two copies of VGGVPG should contribute to an increased size of the 
P3 7 peak which already represents six copies of the hexapeptide contributed from 
the endogenous expression of the normal mouse tropoelastin gene. No change in 
the size of the P32 peak but an increased P37 peak as a consequence of 
Tropoprom-4 expression would result in a P32 : P37 ratio that would be less than 
the ratio recovered from normal mouse skin elastin. This is precisely the result we 
obtained (Table 2). The P32 : P37 ratio from transgenic mice containing the 
Tropoprom-4 construct demonstrated the presence of a truncated tropoelastin 
incorporated into elastin. The unusual ratio also confirmed the validity of our 
assay. 

The phenotypic consequences of expression of the Tropoprom constructs in 
transgenic mice 

The first indications of an abnormal phenotype were evident in the 
founder transgenic mice and progeny containing the Tropoprom construct 
(Tropoprom- 2) that lacked exon 33. Of the 11 founder mice established 
with integrated Tropoprom-2 recombinants, no transgenic progeny could be 
established from four as a consequence of an unusually high incidence of 
maternal cannibalism, a well-known indicator of possible defects in newborn 
animals. In addition, from those progeny that were successfully propagated 
from founder mice containing Tropoprom-2 constructs, no homozygous 
animals were ever obtained from hemizygous brother-sister matings, once 
again as a result of maternal cannibalism. 
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While difficulties in breeding are very suggestive of defects in newborn 
mice, the first real evidence demonstrating that such defects exist was found in 
the progeny from two separate founder lines expressing Tropoprom-2. Several 
of the progeny from these two founder transgenics died at 5-7 weeks of age 
as a result of respiratory distress. Autopsy of multiple progeny revealed 
abnormally small and non-compliant lungs. Histological sections prepared 
from pulmonary tissue from affected transgenic mice and non-transgenic litter 
mates revealed marked enlargement of alveoli and extensive septal damage 
(Fig. 4). These pulmonary changes were typical of pulmonary alterations 
associated with the development of emphysema. These emphysematous 
changes occurred in the progeny from separate founder transgenic mice 
actively transcribing the Tropoprom-2 construct. No such lung defects were 
present in transgenic progeny containing transcriptionally active Tropoprom-1 
recombinants, constructs containing the complete sequence for rat tropo- 
elastin. Emphysema did not develop, therefore, in the Tropoprom-2-containing 
progeny as a consequence of the incorporation of rat tropoelastin into lung 
elastin nor did a pulmonary defect arise as a result of the disruption of a 
mouse gene at a site of integration of a Tropoprom-2 recombinant into mouse 
genomic DNA. Many of our transgenic (F|) mice, therefore, hemizygous for 
the Tropoprom-2 recombinant, develop an emphysematous phenotype as a 
result of the aberrant overexpression of a tropoelastin isoform lacking the 
hydrophobic peptide encoded by exon 33. 

We observed a second, completely different, phenotype in transgenic mice 
expressing high levels of the Tropoprom-4 construct. This recombinant 
lacks exons 19-31 of the rat tropoelastin gene. We successfully established 
three founder lines in which Tropoprom-4 had been integrated into the mouse 
genome. One of these founder lines did not express the transgene but two 
separate founder mice expressed this truncated minigene construct. Progeny 
from founder mice expressing Tropoprom-4 were abnormally small. Hemi- 
zygous F 2 progeny from Fj females continued to express the minigene. Litter 
sizes were small in number, transgenic offspring were small in size and the mice 
died within 2-3 days of birth. The F! progeny and founder mice died between 
7-9 months of age. Autopsy revealed massive internal haemorrhage. The 
lungs, however, appeared normal. Histopathological evaluation revealed a 
very abnormal ascending aorta (Fig. 4), characterized by hypoplastic and 
disorganized medial elastic laminae. In some histopathological sections in 
particular, a complete loss of medial elastic fibres was noticed together with a 
disrupted adventitia and even evidence for complete rupture of the aortic wall. 
This histological evidence is entirely consistent with the development of an 
ascending aortic aneurysm. 

In contrast to the dramatic and contrasting phenotypes observed in some of 
the transgenic mice containing Tropoprom-2 and Tropoprom-4 recombinants, 
founder transgenes containing Tropoprom-1 and Tropoprom-3 constructs did 
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FIG. 4. Histopathologic sections of lung and aortic tissue obtained from transgenic 
mice containing Tropoprom-2 and Tropoprom-4 recombinants. Tropoprom-2 (— exon 
33). (A) Haematoxylin and eosin-stained lung sections from a transgenic mouse 
expressing Tropoprom-2 and (B) a non-transgenic litter mate. Original magnification in 
both sections is x 100. Tropoprom-4 (-exons 19-31). (C) Verhoeff van Giesen elastin 
fibre stain of a section of the ascending aorta from a transgenic mouse expressing high 
levels of Tropoprom-4 and (D) an age-matched transgenic mouse expressing 
Tropoprom-1 ( + exons 1-36). The arrows indicate the position of the internal elastic 
lamina. Original magnification in both sections is x 133. 



not reveal any elastic tissue phenotype or any abnormalities in breeding 
patterns or behaviour. Transcriptionally active Tropoprom-1 (encoding the 
complete sequence of rat tropoelastin) and Tropoprom-3 (a construct lacking 
exon 12-15) minigenes were successfully established in a total of eight separate 
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founder lines. Several of these transgenes were shown to express some of the 
highest levels of rat tropoelastin mRNA of any of the transgenes analysed. Large 
litters, however, were common and maternal cannibalism was not encountered. 
Moreover, histopathological evaluation of lung and aortic tissue from both 
newborn and neonatal transgenes revealed normal elastic fibre morphology. 

Conclusions 

The synthesis of the complete sequence of rat tropoelastin in the progeny of 
multiple founder transgenic mice and the assembly of a mouse-rat elastin 
chimaera does not seem to influence elastic fibre assembly or elastic tissue 
function. Similarly, overexpression of the rat tropoelastin isoform lacking 
exons 13-15 does not result in any obvious aberrant phenotype. It would seem 
therefore that, within the elastic tissues analysed (aorta, lung and skin), this 
particular isoform of tropoelastin is unnecessary, during mouse development, 
for normal elastic fibre assembly and function. 

In contrast, overexpression of the rat tropoelastin isoform lacking the 
domain encoded by exon 33 results in a relatively e^rly-onset emphysematous 
phenotype. Emphysema is thought to be a disease caused by the elastase- 
catalysed degradation of pulmonary elastic fibres, leading to the destruction of 
alveolar septa, consequent alveolar enlargement and eventual loss of 
pulmonary function (Snider et al 1986, Janoff 1985). The results we have 
obtained with our Tropoprom-2 transgenic mice are not inconsistent with this 
hypothesis. Overexpression of the tropoelastin isoform lacking the domain 
encoded by exon 33 may result in the assembly of a structurally compromised 
elastic fibre, more susceptible to degradation either through the direct action of 
elastase or indirectly through mechanical stress, leading to alveolar wall 
damage and degradation of damaged elastic fibres by elastases. 

The Tropoprom-4 construct resulted in the incorporation of a truncated 
tropoelastin into insoluble elastin in several elastic tissues in transgenic mice. 
The presence of this aberrant elastin in the ascending aorta produced a severe 
aneurysmal phenotype. 

Recently, studies by Keating and co-workers (Curran et al 1993, Ewart et al 
1994) have shown that large deletions on human chromosome 7q, involving the 
loss of part of the tropoelastin gene, are associated with the vascular disorder 
SVAS. Specifically, in two separate and unrelated patients, these investigators 
have shown the presence of a large deletion (Ewart et al 1994) and a balanced 
translocation (Curran et al 1 993), both of which involved a breakpoint located at 
the y end of the tropoelastin gene. There is a clear association between the 
appearance of these mutations and the SVAS phenotype. Linkage studies 
moreover have established that a mutation causing SVAS resides in the locus on 
the long arm of chromosome 7 that contains the tropoelastin gene (Ewart et al 
1993a). It is not clear, however, whether the disruption of the tropoelastin gene 
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per se actually causes the SVAS phenotype. The large deletions observed in SVAS 
patients and in patients with a related disorder, Williams syndrome, also involve 
DNA flanking the tropoelastin gene (Ewart et al 1993b). Disruption of a gene in 
close proximity to the tropoelastin gene could actually be responsible therefore 
for SVAS and/or Williams syndrome. 

The deletions affecting the 3' end of the tropoelastin gene in some SVAS 
patients may result in the creation of a null allele. The mutation could also result 
in the synthesis of a truncated tropoelastin that, if incorporated into insoluble 
elastin, may result in the assembly of aberrant elastic fibres. Support for this latter 
view may be forthcoming from the curious observation that deletion of exons 19- 
31 in our Tropoprom-4 mice results in an ascending aortic abnormality with no 
other obvious elastic tissue dysfunction. It was not possible to determine whether 
these transgenic mice developed SVAS; the histopathology of elastic fibres in the 
ascending aorta is remarkably similar, however, to the disorganized elastic fibre 
morphology typical of SVAS (O'Connor et al 1985). Aneurysms, moreover, have 
been reported as a clinical complication of SVAS (Beitzke et al 1 986). An exciting 
speculation therefore would be that the aberrant transcripts from our in-frame, 
intragenic deletion of exons 19-31 in the rat tropoelastin gene, that will not 
disrupt any other gene in the vicinity of the endogenous mouse tropoelastin gene, 
result in a severe form of SVAS that leads to aortic rupture. Should SVAS indeed 
be directly due to a disruption of elastic fibre assembly, through the synthesis of 
aberrant protein rather than a dosage effect as a consequence of a null allele, then 
it would seem very likely that the non-vascular components of Williams 
syndrome, particularly the neurodegenerative features of this disorder, may be 
due to disruption of gene(s) proximal to the tropoelastin gene on the long arm of 
human chromosome 7. 

Methods 

The details of the methods summarized in this manuscript have been fully 
described in several recent publications (Wydner et al 1994, Sechler et al 1995b, 
Sechler 1994, Alatawi 1994). 
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DISCUSSION 

Parks: You showed that transgenic mice expressing Tropoprom-2 had 
altered lung morphology (Fig. 4), yet your PCR data showed very little 
expression of Tropoprom-2 in the lung (Table 1). However, it was expressed at 
high levels in the skin. Do you know if the morphology of the elastic fibres in 
the skin of these transgenic animals is altered? 

Boyd: We haven't looked yet. 

Parks: How do you suppose that such a low level of Tropoprom-2 expression 
would alter lung morphology in these mice? 



100 Discussion 
Boyd: We have speculated that there are two essential effects. One is that 
even low levels of expression of this particular isoform at an inappropriate 
time in lung development will result in the assembly of a fibre that can't cope 
with the mechanical forces that are required of it in the alveolar septum. 
Consequently, the elastic fibres rupture, the alveolar walls are disrupted and 
this leads to the larger spaces that are seen in the histopathology. This 
degenerative process is a characteristic of the emphysematous phenotype. Our 
other speculation is that this has nothing to do with mechanical stress, but 
instead fibres are assembled that are much more susceptible to proteolysis. As a 
result, there is rapid degradation of elastic fibres by elastase in the pulmonary 
tissue. This is the scenario we favour, because apart from the lung damage we 
see no other phenotype in these animals. It is possible that pulmonary tissue is 
more severely affected than any other tissue, independent of the very low level 
of Tropoprom-2 expression in pulmonary tissue, because that's where 
proteolytic susceptibility may be much more critical. 

Parks; But in the micrographs you showed there was no overt inflammation, 
which makes me wonder where these potential proteases would be coming 
from. I noticed that there was a high level of expression of Tropoprom-2 
mRNA in the kidney and liver, but was there any evidence of abnormal 
deposition of elastic fibres in these organs? 
Boyd: If your in situ hybridizations had worked, we would know! 
Parks: No, in situ hybridization is an assay of mRNA expression, not protein 
deposition. Your PCR results showed that there is significant expression of the 
transgene in kidney and the liver, so I was wondering if these tissues have the 
capacity to deposit elastic fibres outside of their vasculature? 

Boyd: We haven't started a systematic analysis of the various tissues in which 
we have elicited expression — this obviously needs to be done. 

Starcher: I was also surprised that even though there was very little 
expression of Tropoprom-2, you still found an effect in the lung. But I caution 
you about calling the lung damage you saw 'emphysema'. You really have to 
show that there's actual degradation of the alveolar walls to be able to do this, 
and I didn't notice this in your micrographs. In emphysematous lungs we 
usually see balls of retracted elastin where the alveoli are broken. The degree of 
abnormal lung development in your micrographs was really very slight, when 
you look at the changes in the mean linear intercepts. We and other people 
have done experiments where we pour elastases into lungs and create 
emphysema, and even though there is not much of the lung structure left in 
these animals, they still manage to breathe and they survive. I've seen lungs 
where you can hardly find a piece of lung without a hole in it, and the animals 
don't suffocate. I would have also anticipated that you would have seen more 
of a fibrotic effect than emphysema, because I did not see any inflammation. 
We've done experiments where we put lipopolysaccharide into the lungs and 
you get a continuous progression of neutrophils coming in the lungs. Over a 
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long period of time we see some eroding of the lung, but these animals live and 
you eventually get a fibrotic condition. 

Boyd: We've been told by our pulmonary expert physician that the mean 
linear intercept differences we've seen are consistent with the differences that 
are often seen in human emphysematous conditions, particularly in early-onset 
emphysema (David Riley, personal communication). Remember, in order to 
do the mean linear intercept calculations we use animals a couple of weeks 
before they start dying of a breathing disorder (these are three-week-old 
animals; they start dying between five and seven weeks of age). At this stage, 
the development of the disease is still fairly mild. 

Starcher: This is another problem. When you look at very young animals, 
the alveoli are still being formed. The alveolar walls are being formed at 
around Day 10 to 12, so you may not have reached maturity in the lung by 
three weeks. You may be seeing a problem in lung maturation rather than 
degradation. 

Boyd: The Verhoeff van Giesen stains of the pulmonary tissue show lots of 
evidence for elastic fibres that have been disrupted in the alveolar wall. There's 
no doubt about that. 

Sandberg: I just want to comment on the problem of the mean linear 
intercept that Barry Starcher raised. The definition of emphysema is really 
based on mean linear intercepts and it matters less what the histology looks 
like. Bad-looking lungs can still have normal mean linear intercepts and not 
have emphysema. What is important is that Charles Boyd was able to show in 
these very young animals that there was a statistically significant difference in 
mean linear intercepts. Enzymically induced lung damage involves an entirely 
different mechanism. 

Uitto: There was obviously quite a lot of variation in the level of Tropoprom 
expression. Do you know whether this correlates with the transgene copy 
number and perhaps the site of integration? In fact, do you know where these 
transgenes are integrated? 

Boyd: We haven't looked at the sites of integration, although we do know 
that the sites are different in the different founders. In certain tissues, such as 
skin, there seems to be a correlation between expression and copy number, but 
in other tissues there isn't. We have taken this to mean that there isn't any 
obvious correlation between copy number and expression. 

Uitto: In the mouse line 513, I noted that there were 52 copies of the 
Tropoprom-2 transgene. Do you know if they all went into a single integration 
site? 

Boyd: From the gene dosage results of Jan Sechler, it seems that there was 
indeed a single integration site for these 52 copies. 

Davidson: Is the elastin content of the lungs in the Tropoprom-2 transgenic 
mice different from control litter mates? 

Boyd: We don't know. 
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Davidson: How many of the different Tropoprom-2 lines express this 
phenotype? 

Boyd: All those lines expressed high levels of the Tropoprom-2 construct. 

Davidson: You have got a total of 28 lines using presumably the same ex- 
acting elements and the same 3' UTR domain. Is there a consistent pattern of 
tissue-specific or developmentally related expression that relates to these 
regulatory portions of the molecule? 

Boyd: There are a number of guidelines: it's hard to say whether there's an 
overall expression pattern that can be generalized. One certainly sees 
inappropriate expression of the transgenes in kidney and liver; this is the one 
thing that I think is consistent. The other is that the expression of all the 
founders continues into adult tissue. It is at times very hard to quantitate 
individual expression between various tissues, because there are enormous 
differences. 

Davidson: Why hasn't anyone looked at whether or not the amount of clastin 
gene expression in SVAS patients is altered? Why hasn't this been more fully 
explored? 

Boyd: This is because of the relatively small number of patients we've got. 
All of them are children, and parents are not necessarily that keen on providing 
skin fibroblast cultures. So at the present time, ourselves, Steve Thibodeau and 
Mark Keating have only been able to obtain informative genomic DNA 
samples. 

Robert: I think your results with the transgenic mice showing different lung 
structures are very interesting and it is not necessary to look for a perfect 
analogy to any of the human situations. If a similar situation occurred in 
humans they would develop, for instance, more severe asthma or emphysema. 
This is a very good basis for medical speculations. Some of the diseases you 
mentioned in your introduction concerning anomalies in vascular development 
could also be connected. Why would the aorta get narrower if you have less 
elastin expression? It could instead get much larger and rupture. Modifications 
of elastin gene expression may lead to explanations concerning the mechanism 
of genetic regulation of the structure and morphology of blood vessels during 
development. 

Mungai: Have you carried out any studies on the actual characteristics of the 
elastic fibres in those animals where the aorta ruptures? 

Boyd: No; obviously that's a major priority. Presumably you are suggesting 
electron microscope and biochemical studies. 

Mungai: Yes, and also biophysical studies: for instance, what is the elastic 
limit in relation to the normal physiological requirements? 

Boyd: Those are terribly important experiments that ought to be done. 

Ooyama: Most of the aneurysms we see are atherosclerotic. Do you think 
your tropoelastin knockout mice could be a model for atherosclerotic 
aneurysm? 
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Boyd: We were surprised to find aortic rupture in the ascending aorta, 
because most aneurysms develop in the infrarenal aorta. We looked at the 
histopathology at seven months of age in the Tropoprom-4 construct and 
found no evidence for any disrupted elastic fibre morphology in that region of 
the aorta, which suggests that this may not be a model. But, of course, the 
seven-month-old mouse is not equivalent to a 60-year-old human — it may well 
be that we will have to leave these animals for longer. We've had a great deal of 
difficulty breeding these animals, because they die at seven months. The trick is 
to get a Tropoprom-4 mouse that expresses the construct at relatively low 
levels, see whether it will live beyond the seven-month limit we have 
experienced in the few constructs we've had so far, and then ask if 
histopathological abnormalities in the infrarenal aorta will develop. 

Mariani: Could you describe your histochemical staining procedure? 

Boyd: We used perfusion-fixed sections from three-week-old mice, and did 
both Verhoeff van Giesen and haemotoxylin and eosin staining. You can't 
really do quantitative morphology on a non-perfusion-fixed section. We were 
able to reproduce what we saw in the non-perfusion-fixed sections taken from 
an animal that died at five weeks of age. With the Verhoeff van Giesen stain we 
were able to see clear evidence for elastic fibre breakage and disruption, although 
at that very crude level we couldn't see any obvious morphological difference 
between the elastic fibres in the alveolar septum. We are going to have to do 
electron microscopy to be able to see those morphological differences. 

Keeley: If you look at the bronchi in these animals, could their suffocation be 
due not to the lung changes but to bronchial changes? 

Boyd: We haven't seen any elastic fibre differences in the bronchus. 

Keeley: I'm interested in the Tropoprom-1 mouse, which is really just 
expressing the normal tropoelastin gene. This tropoelastin continues to be 
expressed in these animals throughout development, not turning off as it 
normally does, and, as well, it is produced in tissues not normally expressing 
elastin. This might result in some phenotypic changes in these animals, at least 
later in life. Did you see anything like that? 

Boyd: We haven't looked, but what we are doing is to breed the transgenic 
Tropoprom-1 mouse with a hairless mouse, because the levels of expression in 
skin are very high. The progeny will be studied in a collaboration with 
Unilever, involving quantitative confocal microscopy on skin elastic fibres in 
order to address that very question. 

Rosenbloom: I wonder if Bill Parks would like to comment on the continued 
expression of this kind of transgene, when his or Richard Pierce's data suggest 
that even if it were to be continually transcribed, the mRNA would probably 
be degraded. 

Parks: Because he has shown continued expression of the transgene into the 
adult, Charles Boyd's results agree with ours. Our data show that the 
endogenous tropoelastin gene continues to be transcribed well into adulthood. 
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Boyd: Of course, our assay is for message, not pre-message. 

Parks: That's fine: thus the elements in the pre-mRNA or the processed 
mRNA that control the post-transcriptional regulation of tropoelastin are not 
present in your minigenes. Our favourite hypothesis is that this mechanism is 
mediated by something in the 3' UTR. Since you're seeing continued expression 
of minigene mRNA, which does include the 3' UTR, I think we might have to 
modify our idea a bit and consider other parts of the gene, such as intron 1 , which 
is a great candidate for a regulatory element and is not present in your minigenes. 

Boyd: We've come to the same conclusion; that some intron sequence absent 
in the minigenes was obviously mediating a post-transcriptional control in pre- 
message availability which would then be consistent with the results you've got. 

Parks: We think of elastin assembly as a process that requires numerous 
products and that there must be a precise, co-ordinate regulation of these 
products and their stoichometry. In your model, you're supplying more of the 
principal substrate, namely, tropoelastin. Do you think that more elastin will 
be made in these animals and how does that affect our thinking about the 
mechanisms of fibre assembly? 

Boyd: Good quantitative biochemistry is going to be important to answer 
this. At a very gross level, there's no obvious thickening of the elastic fibres (as 
I showed you in that elastic fibre stain of the ascending aorta from the 
Tropoprom-1 construct; Fig. 4D). There's a huge increase in the total amount 
of tropoelastin available for elastic fibre assembly in those animals, but we 
don't see an obvious increase in the thickness of the elastic lamina. We haven't 
done quantitative morphometry on that, nor the biochemistry; until we have 
it's hard to say. It is, however, possible that, even though these cells are 
secreting a lot more tropoelastin, it's not incorporated, because you're 
saturating a fibre assembly process which cannot cope with any more, and 
the rest is getting degraded. 

Parks: Have you considered looking for tropoelastin peptides circulating in 
blood or urine? 

Boyd: Yes, we are starting such a study. 

Keeley: We know from our stretch experiments in aortic tissue that the rate 
of synthesis of elastin can be almost doubled, without any increases in steady- 
state levels of tropoelastin in the tissue. In other words, the assembly 
mechanisms are capable of handling twice the rates of synthesis without 
tropoelastin backing up and accumulating in the tissue, even in day-old chicks 
which are already making elastin at a very rapid rate. 

Pierce: Is there a theoretical P32 : P37 ratio that you could deduce for elastin 
isolated from your Tropoprom-4 transgenes? 

Boyd: Limitations in the assay prevent us from deducing an actual number. 
We predicted, however, a ratio less than the P32:P37 ratio recovered from 
mouse elastin. A you will remember from the results I presented in Table 2, 
that's exactly what we found. 
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Pierce: That would indicate that there was overwhelming production 
primarily of the transgene as opposed to the endogenous gene. 

Boyd: I would be cautious about making a quantitative judgement on those 
HPLC assays. One thing we've learnt from Larry Sandberg is that it's hard to 
say exactly how much tropoelastin from any one of the transgenes will 
contribute to the P32 : P37 ratio. All we're saying is that the ratio is different 
enough from the endogenous mouse to illustrate clearly that there is rat 
tropoelastin present in transgenic mouse elastin. 

Davidson: Do you have any information to indicate whether it's pre- 
transcriptional, transcriptional or post-transcriptional control that regulates 
these mRNA levels? 

Boyd: No; that's obviously a priority. 
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IDENTIFICATION OF MYCOBACTERIAL DNA IN CUTANEOUS LACK OF DNA RELEASE WITH COPPER VAPOR LASER TREATMENT OF 

TUBERCULOSIS AND SARCOIDOSIS BY THE POLYMERASE-CHAIN HUMAN SKIN. Albert J: Nemeth, Craig Leonard!. Christopher 

REACTION (FCR). H Degitz. M.Steidl. U. Neuhert. M. Vnlltenandt f, PWig Calloway , Dept. of Dermatology and Cutaneous Surgery, Univ; 

Department of Dermatology, l^wig-Maximilians University, Munich, Germany. of Miami, FL. We have recently demonstrated the efficacy 

Tuberculosis is a resurgent medical problem, and cutaneous tuberculosis remains an of green light (511nm) from a Copper Vapor Laser (CVL) in 

important differential diagnosis of granulomatous skin diseases. The detection of myco- the treatment of anogenital and body warts. Unlike C02 

bacteria in skin lesions has remained difficult. Acid- fast bacteria are rarely detected Laser therapy, no smoke plu.-ne is generated with CVL, suggest 

histological ly, and the culture of mycobacteria takes many weeks. We have establisheda ing no infectious il.ieat. Copper Vapor and C02 lasers, in 

system for the detection ofmycobacterial DNA from routinely prepared formal in- fixed, seperate treatment rooms, were used to treat fresh human 

paraffin-embedded skin specimens using PCR. Results can be obtained within a few skin obtained from Mohs surgery. All laser parameters 

days. DNA is isolated by dissolving paraffin in xylene, pronase digestion of deparaffin- duplicated actual treatments. The air and smoke (positive I 

ized tissue, protein extraction, and eihanol precipitation. PCR is performed using control) was colic- ted from the treatment sites, and from 

previously described primers (Hance AJetal.,MoI. Microbiol. 3: 843) amplifying a 383 bp the rooms 3 minutes after the vacuum was~~turned off (nega- 

fragment of the mycobacterial groEL gene. The amplification primers anneal to sequences tive control) All air and smoke samples were analyzed for 

conserved between mycobacteria. Based onasequence heterogeneity within the amplified the presence of human Beta-Clobin Gene, a marker to detect 

segment, oligonucleotides differentially hybridizing to Mycobacterium-tuberculosis(Mt) any DNA release, using the Polymerase Chain Reaction (PCR). 

complexDNA(TB^)orM.-aviumDNA(TB-5)areusedforsr>ecies-specifichybridi- The human Beta-Globin Gene is ubiquitous and present in 

zation with PCR products in Southern blots. PCR- negative samples are checked for every single human cell in a quantity that is greater than 

PCR- inhibiting factors by PCR am pi ideation of an external control gene. PCR using DNA or equal to any infectious agent. Thirty-one (84%) of 37 

ofa Mt isolate as template generated a product hybridizing with TB-4. PCR using DNA of cases treated with C02 laser were positive for DNA release, 

normal skin was negative (n=8). In 8 of 15 specimens of lupus vulgaris, Mt complex There was no correlation of DNA detection with the wattage 

DNA was detected. 5 of 7 specimens from lesions of Erythema indurarum of Bazin and 4 or duration of C02 laser treatment ie.e. no safe range was 

of 6 of papulonecrotic tuberculid also contained Mt complex DNA. 6 of 14 specimens of found. None (0%) of 55 CVL cases were positive. None of the 

lesions of cutaneous sarcoidosis were positive for Mt complex DNA, but none for DNA of 20 air samples collected 3 minutes after completion of 20 

M .avium. Conclusions: 1) PCR based detection of Mt complex DNA might significantly cases in the seperate treatment rooms were positive. The 

accelerate the diagnosis of tuberculosis. 2 ) Some so called tubercul ids may rather be view- lack of any DNA detection with CVL strongly suggests CVL 

ed as forms of post-primary tuberculosis. 3) The detection of mycobacterial DNA in skin poses no infectious threat. Our study strongly suggests CVL 

lesions reopens the discussion about a mycobacterial etiology of cutaneous sarcoidosis. is a much safer alternative than C02 Laser therapy. 
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SKIN DRYNESS - WHAT IS IT? . +A. RawlinQB. #J. Hope. 
/J. Rooers, /A. Mavo. <A. Watkinson and +1. Scott. +Unilever 
Research, Edgewater, NJ, USA, *Uni lever Research, Col worth House, 
Sharnbrook, Bedford, UK 

To understand akin dryness, we have compared sequential human tape 
Btrippings of healthy and dry skin. We have used electron microscopy 
to examine the morphology of desmo some s and lipid organization, high 
performance thin layer chromatography to examine lipid composition, 
and electrophoretic methods to examine desmosotnal proteins. 

In healthy skin, desmo somes were shown to be degraded towards the 
surface of the stratum corneum when viewed by electron microscopy. 
Their degradation was confirmed by measuring the reduction in — 
desmoglein I {dgl) levels. In akin. dryness, desmosomes remained 
intact in the skins surface layers and dgl levels remained elevated. 
(Normal skin; dgl/keratin -'0.218 + 0.27; dry skin, dg I/keratin = 
3.94 + 2.93; P < 0.05) - In addition, the normal bilayer structure of 
lipids was totally, perturbed in Bkin dryness. This change in lipid 
molecular architecture was associated with increases in stratum 
corneum fatty acid levels and decreases in ceramide levels. 
(Percentage of fatty acids, normal skin = 46.2 + 9.8; dry skin = 56.0 
+ 10.8; percentage of ceramides normal skin = 48.3 + 8.6; dry skin » 
38.3 + 11.2). 

From these results we conclude that desquamation proceeds by 
desmosomal digestion. This process is disrupted in skin dryness and 
is associated with changes in stratum corneum lipid organization and 
composition. 
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TARGETED EXPRESSION OF TRANSFORMING GROWTH FACTOR-p, (TGF-p,) TO THE 
EPIDERMIS LEADS TO UVHHORN. BUT NON-VIABLE TRANSGENIC MICE. IC 
Sellheyer. J. Rothnaeel. I). Bundinun. M. Longlev. A. Geiser. A. Roberts, and D. Rood. 
National Institutes of Health, Belhesda. MI); Baylor College of Medicine, Houston, TX 

TGF-p is a peptide growth factor involved in a variety of biological processes, such as 
embryogenesis, carcinogenesis, immunnm* filiation, wound healing and tissue repair. TGF-p 
often has seemingly opposite effects on different cell types within a given organ. In the skin, 
for example, jrrvitrn studies have shown that TGF-P induces proliferation of dermal fibroblasts, 
hut growth arrest of epidermal keralinocytes. To assess the effect of TGF-p on the skin in vivo. 
we have targeted its expression to the epidermis of transgenic mice. To ensure that active TGF- 
P was expressed, we utilized a porcine TGF-p, cDNA with two site-specific mutations of > 
cysteine to serine ai position* 223 and 225. These mutations allow constitutive activation of 
TGF-pi from Ms latent stage in which mature TGF-P, is bound to the latency associated peptide 
(N-terminal remnant of the TGF-p, precursor) by disulfide bonds. Mice expressing the mutant 
TGF-p, transgene exhibited a marked phenotype at birth. The skin was very shiny and tautiy 
stretched. The dermatoglyphic pattern seen on normal littermates was not apparent on the TGF- 
P, mice. These animals were rigid and appeared to be restricted in their ability to move and 
breathe. Death occurred within approximately 24 hours. Histologically, the most prominent 
feature of the epidermis was a compact orthohvperkeratosis. There was a reduction in- the 
number of hair follicles, however, the dermis appeared to be unaltered. Although these results 
demonstrate thai constitutive expression of TGF-p, adversely affects epidermal development, 
restricted expression of active forms of TGF-p, could be beneficial in the treatment of 
hyperproliferative skin disorders. 
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ANALYSIS OF TGF-B FUNCTION IN THE EPIDERMIS USING TGF-61 
KNOCKOUT MICE. Adam B. Click. Ashok B. Kulkar ni\ Tamar 
Tennenbaum. Stefan Karlsso n 4 . and Stuart H. Yuspa . Laboratory 
of Cellular Carcinogenesis and Tumor Promotion, National 
Cancer Institute and 'Molecular Medical Genetics Section, 
National Institute of Neurological Disorders and Stroke, 
Bethesda, Maryland. 

The transforming growth factor-B's inhibit keratinocyte 
proliferation, and regulate extracellular matrix gene 
expression in vitro . In mouse epidermis, TGF-Bl is expressed 
in the basal layer and TGF-B2 in the suprabasal strata. To 
study the function of endogenous TGF-B, a TGF-Bl replacement 
vector was used to disrupt the TGF-Bl allele in embryonic 
stem cells, and mice homozygous for a TGF-Bl null allele were 
bred from the resulting chimaeras. Analysis of skin from 3-4 
week old TGF-Bl null mice by indirect immunofluorescence 
showed that TGF-Bl was absent, but that TGF-B2 was expressed 
at wild type levels. Despite the continued expression of 
TGF-B2, the epidermis of these mice was hyperproliferative, 
with a 3-4 fold increase in labelling index, but was not 
hyperplastic. Keratins 1 and 10 were expressed normally, and 
keratins 13 and 6 were not expressed. Expression of the 
integrin a6 which is localized to the basement membrane face 
of the basal layer was markedly increased in the TGF-Bl null 
epidermis. These results show that TGF-Bl is an endogenous 
negative regulator of keratinocyte proliferation and integrin 
expression, and that TGF-Bl and TGF-B2 may have distinct 
compartmentalized functions. 
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USE OF A TRANSGENIC MOUSE MODEL TO STUDY THE 
REGULATION OF THE HUMAN ELASTIN PROMOTER ACTIVITY IN 

VIVO. Isabel Ledo. Alain Mauvial. Mav Wu S v | via Hsu-Wn ng. and Jouni 
UUlQ* Department of Dermatology, Jefferson Medical College, Philadelphia, 
Pennsylvania. 

We have developed a homologous line of transgenic mice whicrf express 5.2 
kb of human elastin promoter linked to the CAT reporter gene in a tissue 
specific manner, as compared to the endogenous elastin gene. This transgenic 
model allows precise in vivo studies on the regulation of the human elastin 
prpmoter. To investigate the role of interleukin (IL)-1 on* elastin gene 
expression in the skin, recombinant human (rh) IL-lp (100 U) was injected sub- 
cutaneously in the back of 5d-old animals, and 24hrs later, the activity of the 
transgene was measured in the skin. The results demonstrated up-regulation 
(-4-fold) of the CAT activity by IL-1 p. Furthermore, different fibroblast cell 
cultures were established from the transgenic animals by explanting 
specimens from the skin and the lungs. Incubation of these celts for 40 hrs with 
various concentrations of rhIL-p resulted in a dose-dependent up-regulation of 
CAT activity, reflecting activation of the transgenic human elastin promoter by 
IL-1 . Also similar observations were made in transient transfection experiments 
of human dermal fibroblast cultures with the chimeric gene construct used to 
develop the transgenic mice. Taken together, these data indicate that IL-1 up- 
regulates elastin gene expression in vivo and in vitro, and this activation 
occurs at the transcriptional level. 
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AP-I, BUT NOT NF-kB, MEDIATES LPS UPREGULATION OF COLLAGEN ASE. 
Richard A. Pierce. Stephanie Sandefur. Glenn A. Dovle. and Howard G. Wei pus. 
Division of Dermatology, Department of Medicine, Washington University Medical 
School at Jewish Hospital, St. Louis, MO 631 10 

Interstitial collagenase, a metalloproteinase produced by resident and inflammatory 
cells during wound healing, cleaves fibrillar collagen. This step is rate-limiting in 
remodeling of tissues rich in fibrillar collagen such as skin. Bacterial 
lipopoly saccharide (LPS) is a potent, cell -type-specific inducer of collagenase 
transcription in macrophages. In many inflammatory responses, both AP- 1 and NF- 
kB mediate transcriptional regulation of early- response genes. Little is known, 
however, of the transcriptional elements controlling collagenase transcription in 
macrophages. To delineate LPS -responsive cis-acting elements of the collagenase 
promoter, we transiently transfected phorbol-esler (PMA)-differentiated U937 cells 
with a series of collagenase promoter-CAT constructs. Cells were treated with LPS 
for 24 h, then cell lysates were assayed for CAT activity. Marked increases in CAT 
activity were noted in LPS-treated cells transfected with deletion constructs containing 
from 2278 to 95 bp of the 5"-flanking region of the collagenase promoter, indicating 
LPS-responsive elements reside near the transcription start site. Further analysis 
showed a construct spanning -72 to +36 was sufficient for LPS-mediated 
transcriptional induction. Mutagenesis of the AP-l site at -72 abolished basal 
promoter activity and LPS-inducibility. In contrast, mutagenesis of an NF-KB-like site 
at -19 had no effect on basal activity or LPS-inducibility. Gel-shift analysis showed 
increased specific binding to the collagenase AP-l site, but not the NF-icB-like site, in 
nuclear extracts from LPS-treated cells. Supershifl analysis with Fos and Jun-specific 
antibodies showed the AP- 1 complexes contained proteins of both the jun and fos gene 
families. These data indicate that AP-I, but not NF-kB, mediates LPS induction of 
collagenase transcription in macrophage-like cells. 
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GELATIN ASE B GENE EXPRESSION BY KERATINOCYTES IS REGULATED 
BY TRANSCRIPTION FACTOR AP-2. M. Elizabeth Fini. John D. Bartlett. Rnrhi 
Guota. William B. Rinehart. Peter M. Sadow. Judith A.West-Mavs. Trevor Willinrm 
and tJames D. Zieske . Cutaneous Biology Research Center, Mass. General Hospital 
and Dept. Dermatology, Harvard Medical School, Charlestown, MA; Dept. Biology, 
Yale University, New Haven, CT; tSchepens Eye Research Institute, Boston, MA 

We have been investigating molecular mechanisms regulating tissue repair. The 
matrix metalloproteinase, gelatinase B, is not expressed in uninjured stratified 
epithelia, however, expression occurs in epithelial basal cells at the leading edge of 
healing corneal and skin wounds. The transcriptional promoter of the gelatinase B 
gene has, therefore, served as our focus for study. Examination of the sequences 
upstream of the transcription start site of the rabbit gene revealed several potential 
binding sites for the transcription factor, AP-2, which has been implicated in epithelial- 
specific gene expression. Trans feet ion of an AP-2 expression construct into a rabbit 
epithelial cell line (SIRC), which normally expresses AP-2 at only low levels, 
stimulated expression of the endogenous gelatinase B gene. The AP-2 construct also 
stimulated expression of a co- transfected reporter construct driven by 522bp of the 
gelatinase B promoter. When the reporter construct was introduced into primary 
keratinocyte cultures, along with an expression construct for an AP-2 interfering form, 
reporter expression was inhibited. Immunolocalization studies indicated that AP-2 is 
expressed specifically in basal cells of the corneal epithelium, in situ, and expression 
appears to be upregulated in these cells at the leading edge of the epithelium migrating 
to heal a corneal wound. Interestingly, resurfacing epithelial cells that are not in contact 
with the underlying matrix (due to wound irregularities) express very little AP-2. 
These results suggest that AP-2 mediates reciprocal interations between keratinocytes 
and their matrix. Such a mechanism may be responsible for controlling gene 
expression according to a precise spatial pattern in repairing stratified epithelia. 
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BASIC FIBROBLAST GROWTH FACTOR REGULATES HUMAN 
ELASTIN PROMOTER ACTIVITY IN TRANSGENIC MICE. Maaalv 
Del Monaco. Mav Wu. Stacv Katchman. Elaine M.L. Tan, and Jouni Uitto. 
Thomas Jefferson University, Philadelphia, PA. 

We have recently developed a homozygous line of transgenic mice which 
express human elastin/ CAT reporter gene construct in a tissue-specific and 
developmentally regulated manner. These mice serve as a model for 
transcriptional regulation of the human elastin gene at the promoter level. 
Various cytokines have been previously shown to affect the regulation of the 
human elastin gene. Basic fibroblast growth factor (bFGF) is a multi- 
functional peptide present in virtually all cell types, demonstrating 
angiogenic, neurotropic, and mesoderm-inducing properties. In this study we 
examined the effects of bFGF in these transgenic mice, and cells derived 
from them, both in vivo and in vitro. Five-day old mice were injected 
subcutaneously with different concentrations of bFGF. Upregulation of the 
human elastin promoter was seen in a time- and dose-dependent manner. 
Maximal effect was seen at 72 hrs post-treatment, with a 5.4-fold increase in 
CAT activity being noted over the control with 200 ng of bFGF. Similarly, 
upregulation was seen in aortic smooth muscle and lung fibroblast cell 
cultures incubated with bFGF . In aortic smooth muscle cell culture, there was 
an 18.4-fold increase over the control in CAT activity with 50 ng/ml of bFGF. 
Lung fibroblasts, showed a less dramatic increase in CAT activity, while skin 
fibroblasts in culture treated with bFGF did not show an increase in CAT 
activity. These results suggest that bFGF has a regulatory effect on human 
elastin gene expression in a tissue specific manner. 



154 

DIFFERENTIAL EXPRESSION OF MATRIX METALLOPROTEINASES BY 
MICROVASCULAR ENDOTHELIAL CELLS DURING DIFFERENT STAGES OF 
ANGIOGENESIS. L A. Cornelius*. L.C. Nehring*. J. Robv*. W. Frazierl W.C. 
Parks*. H.G. Welgus*. *Dermatology Division at Jewish Hospital and ^Department of 
Biochemistry and Molecular Biophysics, Washington University School of Medicine, Sl 
Louis, MO. ' 

Wound healing and angiogenesis are interrelated processes which involve the interplay 
of cellular and matrix components. In vivo, microvascular endothelial cells (MECs) reside 
upon an intact basement membrane. Matrix metalloproteinases (MMPs) are inducible 
matrix-degrading enzymes which enable the cells which produce them to traverse through 
basement membrane and interstitial matrix. Early events of angiogenesis involve MEC 
migration within a provisional matrix composed of interstitial matrix proteins, as well as 
inflammatory mediators and growth factors prior to their actual formation of intact vessels. 
We undertook studies to lest our hypothesis that during the early phases of angiogenesis, 
or cell migration. MECs express certain MMPs that are distinct from those involved in the 
later phases, or tube formation. In an attempt to reproduce the early in vivo situation, 
MECs were plated to confluence and then allowed to migrate onto type I collagen. 
Employing immunohisioehemistry. we found an increase in cell-associated collagenase 
expression by the migrating cells, which was augmented by two physiologically relevant 
angiogenic factors, basic fibroblast growth factor (bFGF) and vascular endothelial cell 
growth factor (VEGF). Additionally, in an in vitro assay representative of later stages of 
angiogenesis, bFGF- treated MECs induced to form tubes on type I collagen preferentially 
expressed 92 kDa gelatinase. Using ELI S As and immuno-precipitalion (IP) assays, we 
have found not only a separate, but an additive upregulation of secreted MEC collagenase 
by bFGF and VEGF. Conversely, thrombospondin. an inhibitor of angiogenesis, inhibited 
MEC collagenase expression. In sum, we have demonstrated the selective expression and 
regulation of MEC MMP expression not only by agents physiologically relevant to 
angiogenesis but, most importantly, by the phase of endothelial cell differentiation itself.* 
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INTERSTITIAL COLLAGENASE IN BLOOD VESSEL DEVELOPMENT IN FETAL SKIN AND 
CUTANEOUS TUMORS. T.V. Karelioa. G.I. Goldberg. A.2. Eisen Division of Dermatology, 
Washington University School of Medicine, St. Louis, Missouri. 

In vitro angiogenesis models suggest that new blood vessel formation requires the ability of 
endothelial cells to induce proteolytic degradation of a surrounding extracellular matrix (ECM), and that 
secretion of ECM metalloproteases by these cells may be a major mechanism involved in ECM 
proteolysis. The results of these in vitro studies cannot be directly extrapolated to the process of in vivo 
angiogenesis because the type of ECM employed and the repertoire of the enzymes secreted by the cells 
in vitro differs dramatically from the in vivo conditions. To investigate the in vivo role of ECM 
metalloproteases in blood vessel development, we looked for evidence of elevated expression of these 
proteases in endothelial cells involved in fetal angiogenesis and neovascularization of certain invasive skin 
tumors. In situ localization using specific antibodies against ECM metalloproteases showed that in fetal 
tissue, interstitial collagenase (CI) was the major enzyme involved in de novo blood vessel formation from 
undifferentiated mesoderm. Early vessel formation in fetal skin was characterized by clusters of Cl- 
positive endothelial cells that subsequently differentiate into vascular tubes surrounded by type IV 
collagen. Vessel elongation and capillary sprouting were observed as major morphological manifestations 
of angiogenesis in fetal tissues and was characterized by the presence of Cl-positive endothelial cells. In 
contrast to less aggressive skin tumors in which only a few Cl-positive blood vessels were seen and there 
was no evidence of neovascularization, in aggressive cutaneous tumors, i.e. recurrent basal cell carcinoma 
and squamous cell carcinomas, there was active neovascularization associated with a marked increase in 
the number of Cl-positive vessels. Numerous short arrays of Cl-positive endothelial cells originating from 
the ends of elongated vessels were seen extending into the tumor nests. Immunofluorescent staining failed 
to detect stromelysin, matritysin and 72- and 92-kDa type IV collagenase (gelatinase) in fetal or tumor 
blood vessels. 

These findings are consistent with the hypothesis that proteolytic degradation of the ECM by 
migrating endothelial cells is required for the formation of new blood vessels. Our results demonstrate 
that interstitial collagenase rather than other metalloproteinases play an important role in this process. 
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CONTACT WITH NATIVE TYPE I COLLAGEN INDUCES COLLAGENASE PRODUCTION IN 
MIGRATING KERATINOCYTES. Barry D. Sudbeck. Brian K. Richer. Howard G. Wetpus. and 
William C. Parks . Dermatology Division, Jewish Hospital, Washington University Medical 
School, St. Louts, Missouri 

Metalloproteinases are a structurally related family of matrix-degrading proteases involved 
in tissue remodeling. Among these, interstitial collagenase is unique in that it cleaves fibrillar 
type I collagen making this matrix protein susceptible to further digestion by other proteases. 
We have shown in a variety chronic and acute human wounds that collagenase is 
predominantly and invariant ry expressed by basal keratinocytes which are not in contact with 
the basement membrane but rather are migrating across the dermal matrix. These 
observations suggest that induction of collagenase expression by migrating keratinocytes is 
influenced by altered cell:matrix Interactions. Reflecting these in vivo observations, 
collagenase production was induced in primary human keratinocytes grown on various 
preparations of native type I collagen, but only background levels of enzyme were detected 
in cells grown on 40°C- or 80°C -denatured collagen (gelatin) or on erizyrrialicatty-fragrnented 
collagen. Basement membrane proteins (Mat rig el) or other matrix proteins found in the 
wound environment, such as laminin, fibrin, or fibronectin, either did not induce collage nase 
expression or did not support keratinocyte attachment. As demonstrated by transient 
transection with a collagenase promoter-CAT expression vector and by Northern 
hybridization, collagen-mediated induction of collagenase in keratinocytes was 
transcriptionally controlled. As suggested by an in vitro migration assay, collagenase may aid 
in dissociating keratinocytes from the collagen-rich matrix and promote cell kKX>motion across 
the dermis. Indeed, collagenase-deficient HaCat cells did not migrate on collagen, but they 
did move efficiently on gelatin. Thus, the expression of collagenase by basat keratinocytes is 
a common and programmed response to skin wounding, and the coOagenorvtic activity of this 
metalloproteinase may be needed for proper and efficient re-epithelialization. 
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API ACTIVITY REGULATES THE SPECIFICITY OF EXPRESSION FROM THE PROXIMAL 
PROMOTER OP THE HUMAN PROFILAGGRIN GENE IN CULTURED KERATIN OCYTES. 
S.-I. Inne. P.M. string * n <i nc M»rLr«v» Laboratory of Skin Biology, NIAMS, NIH, 
Brthesda, Maryland 20892-2755 

The human profilaggrin gene b expressed in terminally differentiating epidermal cells in 
vivo and in cultured normal human epidermal keratinocytra in vitro. We have established 
that on API recognition motif in the vicinity of the transcriptional initiation site plays a 
critical role in the keratinocyte specificity of the expression. Deletion of this API motif in the 
context of the 5* upstream sequences up to position -1532 invariably reduces the expression by 
more than two-fold and obliterates the keratinocyte spedficty of the transcription. Bandshift 
analysis revealed that the API motif interacts with c-jun, jun B and jun D, as well as with c-fos 
transcription factors in keratinocyte nuclear extracts. No binding to fra 1, fra 2 and fbs B 
proteins was observed. To elucidate the role of c-fos and the Individual jun proteins the 
profilaggrin transcription, normal human epidermal krratinocytes were co-fcransfected with 
wild type and API deletion profilaggrin constructs and with expression vectors carrying cDNA 
sequences for c-fos, c-fun, a dominant negative mutant of c-jun with o truncated transactivating 
domain, and jun B. The forced expression of c-Jun resulted in a marked up-regulation of 
expression from the profilaggrin constructs containing the intact API site but had no effect on 
the API deletion constructs. Simultaneous co-transfection of c-fos and c-jun had an even more 
pronounced effect In contrast, the transactivating mutant of c-jun reduced the level of expression 
by 90%. The positive effect of c-jun on the profilaggrin transcription was confirmed by forcing 
expression of c-jun in undifferentiated F9 embryonal carcinoma cells. In simple epithelial HeLa 
cells, the activity of the profilaggrin constructs did not depend on the API binding and the 
transactivating function of c-jun was not required. Co-transfection of jun B strongly 
downregulated transcription from the profilaggrin constructs in all cell types. The effect did not 
depend on binding at the API site. Thus it appears that API activity plays a complex 
multifactorial role in the regulation of transcription of the profilaggrin gene and in a cell type 
speafic manner. 
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NF-kB AND AP-1 MODULATION OF HUM AW o2(l) COLLAGEN 
(COL1A2) PROMOTER ACTIVITY. Kee-Yana Chuna. Jounl Ultto. 
and Alain Mauvlel Department ot Dermatology and Cutaneous Biology 
Jefferson Medical College. Philadelphia, Pennsylvania. 

Elucidation of the ds-eiements ot the COL1A2 gene and their 
corresponding regulatory transcription factors is an essential step in 
understanding the cytokine-mediated molecular pathways of extracellular 
matrix deposition during development and in fibrotic diseases. Toward this 
aim, using a series of 5* deletion promoter/CAT reporter gene constructs, we 
have mapped the TGF-b response element to a short region of the COL1 A2 
promoter, between residues -265 and -241, that contains both an AP-1 and 
an overlapping NF-cB binding site. This region is sufficient to confer the 
antagonistic activity of TNF-« on the TGF-b effect. Site-directed mutagenesis 
indicated that the AP-1, but not the NF-kB binding site, is essential tor TGF-b 
upregulation of COL1A2 promoter activity. However, co-transfection 
experiments with expression vectors for various NF-kB sub-units, together 
with COL1A2 promoter/CAT constructs indicate that, (I) basal transcriptional 
activity is enhanced by p50 but not by p65; (ii) over-expression ot p105 
subunit results in markedly enhanced TGF-b responsiveness; and (iii) p65 
partially prevents TGF-b response. All these effects are lost when the NF-*B 
binding site is mutated, attesting to their specificity. Collectively, these results 
suggest that NF-kB, due to the close proximity of the corresponding cis- 
element with the AP-1 binding site, may alter the accessibility of the latter site 
to AP-1, and consequently modifies the transcriptional activity of the COL1 A2 
promoter, and its regulation by TGF-p. 
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ROLE OF FLANK3NO SEQUENCES FOR THE ICAM-1 NF-kB RESPONSE 
ELEMENT IN TNF-a-MEDLATED UPREGULTION OF GENE EXPRESSION. Lorn 
UL Dm. LfcQ-Jie U. Shtibhada N«k. Naotaka Shibaaaki. and S.Wrig h t Cauphman. 
Emory University School of Medicine, Atlanta, GA 30322. 

CytoJane-induced regulated expression of ICAM-1 is a critical component in 
inflammation and immune responses. We have identified a region of the human (CAM- 1 
S regulatory region which is necessary and sufficient for TNF-a-medialed induction of 
gene expression. This region contains a modified NF-kB binding site which interacts 
with the NF-kB protein p65 in cotransfection studies and p65 and pSO in mobility 
supershift assays. Mutational analysis demonstrates that specific 5* and 3' flanking 
sequences surrounding this NF-«'B binding site are necessary for TNF-a-mediated 
ntducnon of ICAM-1 transcription in C32 melanoma cells and human dermal 
microvascular endothelial cells. When the decamenc ICAM-1 NF-*B site is converted to 
a consensus NF-«B site, it is fully capable of competing for cample* formation in an 
EMSA while the ICAM-1 NF-nB site alone can not. When this consensus NF-tcB site is 
linked to the ICAM-1 NF-kB flanking seqtfencrs and used as a probe, it forms 
complexes which migrate (fifferently from the wild-type ICAM-1 probe. The aecameric 
ICAM-1 NF-ttB site alone and the ICAM-1 NF-kB site with flanking regions compete 
less efficiently for complex formation than does the consensus NF-ttB site alone. In UV 
crosdinking/SDS-PAGE analysis, protein<8) other than those corresponding to p50 and 
p63 also bind to both the wild-type ICAM-1 and consensus NF-cB/lCAM-1 flanking 
sequence probes. On the basis of these studies and the interaction of NF-kB proteins 
with non-NF-ttB proteins in the regulation of other genes, the involvement of an 
actional nuclear protein that complexes with either NF-kB proteins or with DNA 
tenting the ICAM-1 NFhkB binding site is proposed. 
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IDENTIFICATION OF THE TNFa RESPONSIVE ELEMENT OF THE HUMAN K6 
KERATIN GENE PROMOTER 

Mavumi Komine. Irwin M. Freedbere and Miroslav Btumenbere. Perdman Department of 
Dermatology, New York University Medical Center, NY, NY 

TNFa elicits various responses during cutaneous inflammation. One such effect is the 
induction of keratin K6 expression in inflamed epidermis. Transcription factors activated by 
TNFo include NFicB/c-rd, C/EBP/NFIL-6, and AP-1. The K6 promoter has two putative 
AP-1 sites although a construct that we mutated in both sites was induced to the same extent 
as the wild type, indicating that the AP-1 sites play no role in TNFa signaling. Deletion 
analysis implicated the DNA sequence from -227 to -21 3 bp in the K6 gene promoter in 
TNFa regulation. This region and the adjacent sites bind transcription factors C/EBP/NFIL-o' 
and NFxB/c-rel and also E2BP protein, as we have found previously. 

To characterize further the specific binding proteins and the responsive region involved in 
TNFa induced inflammation, we introduced several mutations into each binding site. Our 
results indicate that the C/EBP/NFIL-6 site is most important for induction of K6 expression 
in keratinocytes. We also co-transfected the K6 promoter with constructs expressing p65, 
p50 and c-rei, components of the NFxB transcription fector. The co-transfected p65, but not 
pSO or c-rei, induced K6 expression, which suggests that this factor actually controls 
transduction of the TNFa signal. To elucidate the controls of the signal transduction pathway, 
we used inhibitors of PC-PLC, PLA2, and PKC. The results implicated PC-PLC and PLA2, 
but not PKC as the proximate signals involved in induction of K6 by TNFa in human 
epidermal keratinocytes. 
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IDENTIFICATION OF NOVEL GLUCOCORTICOID RESPONSE 
ELEMENTS (GREs) IN HUMAN ELASTIN PROMOTER: 
NUCLEOTIDE SEQUENCE SPECIFICITY OF THE RECEPTOR 
NNWNG. MflflfllV Pel Monaco. Seana Covello. Gwen Gillnoer. 
E3fl¥ Wk. Gftrald Llfwactt and Jounl Ultto Depts. Dermatology and 
Cutaneous Biology, and Pharmacology, Jefferson Medical College, 
Philadelphia, Pennsylvania, 

J—poortcretwuWs exert their action on gene expression through activation of 
SpPtesmic receptors which bind to GREs, as-regulatory sequences In the promoter, 
•naoowensus GRE consists of two half-sites (unarmed), separated by three 
ypjgag j AGAACAG AG TGTTCT . We have recently cloned the entire human elastin 
j^taiuteng -52 to of the SMianidng DNA. Ktucteotide sequencing of the promoter 
'5Jl5 d 2 S8d Presence of three putative GREs, with the downstream hart-site 
TGTTCC, having homoiogy with the consensus GRE, while the upstream 
S^l^^^^omokjm. To examine the functionality of these putative GREs fcn 
^^g.the o^uoocat U ^ stoi okf receptors, we p&iormed gel mobility shift assays with 



containing the putative GREs and a recombinant truncated 
X^^?™osterc!d receptor, expressed In bactilovirus system, which is constitutive ly 
g"£«BQj3u3to absence of the Ggand binding oornain AO three GREs tasntihsd in the 
^ pronwter tiomdthe receptor in a specific manner. The most upstream GRE in the 
Z^Lf n3m P t8r was also shown to compete (or binding of the receptor to the 
SgfSf^E. Nonconservaove substitution of single nucleotides (positions 1-6) 
JJXHS downstream half-site of the elastin GRE iraficated that mutations in the 
cSrjE?- 1 " ?_ r g td eftect • wttto rnutacons in posttorts 4-6 rendered the aSgcmar less 
hZr™ 2 competing for the binding. These observations indicate that the downstream 
caSt l??" h 106 human elastin promoter is sufBaant for receptor bmdng and 
<^ra«i30tafes are critical tor tte efficient birt£rtg. 
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GLUCOCORTICOSTEROIDS UPREGULATE HUMAN ELASTIN 
PROMOTER ACTIVITY IN THE SKIN OF TRANSGENIC MICE IN AN 
AGE- IN DEPENDENT MANNER. Stacv Katchman. Mav Wu. Sasns 
Covello. and Jouni Ultto Departments of Dermatology and Cutaneous 
Biology, and Biochemistry and Molecular Biology, Jefferson Medical College, 
Philadelphia, PA. 

We have recently developed a homozygous transgenic mouse line that expresses 5.2 
kb of human elastin promoter linked to a CAT reporter gene In a tissue-specific and 
devetopmentalry regulated manner. We have also shown That this promoter activity can 
be upregutated by either subcutaneous or intraperitoneal injection or by topical 
application of gtucocorticosteroids. This effect is mediated through three gturxcorUcoid 
responsive elements (GREs) which have been identified within the etastin promoter. 
The gtacoruccsteroid effect was shown to be oose-dependent, and the peak 
activation of the promoter after a single subcutaneous injection occurred between 1 2 and 
24 hours. Previous indications tn the literature have suggested the glucocorticoid 
responsiveness of human elastin promoter may be Bm2ed to the neonatal and early 
postnatal period. To test the age-dependent responsiveness of the human elastin 
promoter, transgenic mice, varying from 3 weeks to 20 months of age, were injected with 
a single subcutaneous injection of dexamethasone (DEX), 10 ug in 200 id of saline. The 
Injected area of skin was biopsied at 24 hours, and CAT activity as an indication of the 
elastin promoter activity was determined. The results indicated that DEX consistently 
enhanced the elastin promoter activity In mice of eO different ages tested. Thus, DEX is 
capable of enhancing human etastin promoter activity in the skin of transgenic rrece in an 
age-lrtdependent manner. Since, we have recently rjroposed this transgenic mouse 
modal as a bioJogical system to test the potency of various topical durxorjrticosteroid 
preparations, the results of these studies imply that this model is likely to be applicable 
also to the older skin. 
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PGP 9.5 EXPRESSION BY FIBROBLASTS IN HUMAN CUTANEOUS WOUNDS, 
PS Chin. ML Usui. NS Gibran*. JC Anselt and JE OterucL Departments of Medicine 
(Dermatology) and Surgery*. University of Washington, Seattle, W A, t Department of 
Dermatology, Emory university, Atlanta, GA. . _ 

PreviouMy, we reported immunohistochemical staining of ubiquitin and the neuronal 
marker PGP 95 in fibroblasi-like cells within cutaneous wounds. PGP 95, originally 
thought to be neuron specific, is a carboxy-terminal hydrolase that removes ubiquilin 
from proteins. Ubiquitin plays a role in the degradation of the PDGFB receptor, which is 
important in the regulation or tissue repair. The purpose of this study was to tfctennine 
whether cells that stain with antibodies to PGP 9.5 are phenotypic fibroblasts and whether 
they co-express the PDGFB receptor. We were also interested in whether these cells 
express PGP 9.5 mRNA. 

Fourteen and 21 day i nc isi final human skin wounds and chronic ulcers from patients 
with diabetes or spinal cord injuries were evaluated. Imrounofluorcsoent foubte-labeling 
was performed using antibodies against PGP 9.5 and a fibroblast marker 5B5 which 
detects prolyl 4-hydroxylase, Double-labeling using antibodies against PGP 95 and the 
PDGFB receptor was also performed Slides were evaluated using confocal aucroscopy. 
Probes for PGP 9.5 were designed and reverse transcriptase PCR in dm hybridization 
was performed to detect mRNA in the tissue sections. 

Many, but not all of the stellate cells within the wound beds co-localized PGP 9.5 and 
5B5. Cells within the chronic granulation tissue from rtonhealins ulcers showed similar 
co-localization. We also detected co-localization of PGP 9.5 ana the PDGFB receptor in 
many wound bed fibroblasts. RT-PCR in situ hybridization showed that many of the 
wound bed fibroblasts express PGP 9.5 mRNA consistent with the immunostaining of 
PGP 9.5 protein. 

This study shows that, in human wounds, PGP 9 ^positive cells with the 
morphology of fibroblasts demonstrate 5B5 staining, PDGFB receptor staining, and also 
express PGP 9.5 mRNA. These findings, together with our previous observations of 
ubiquitin in these cells, support a role for PGP 9.5 in the degradation of the PDGFB 
receptor. We speculate that PGP 9.5 may be important in the down regulation of PDGF- 
induced fibrogenesis. 
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TGF-0 AND TNF-a U PR EG U LATE THE HUC3AM TYPE VII 
COLLAGEN (COL7A1) PROMOTER ACTIVITY VIA DISTINCT 
REGULATORY SEQUENCES. Lauronco Vl ndavoahal. KQS-Yono 
Chung, Slrpo KMrthtto. Jounl Ultto- and Alain MquvIqI. Department 
of Dermatology and Cutaneous Biology. Jefferson Medical College, 
Philadelphia, Pennsylvania 

Type VII collagen (COL7A1) is the major, if not the exclusive, component of 
the anchoring fibrils, attachment structures which secure the association of the 
dermal-epidermal basement membrane to the underlying dermis. We have 
previously reported that TGF-p and TNF-a increase COL7A1 gene expression 
in human dermal fibroblasts in culture, as measured by Northern blot 
hybridization and immunodetection of the corresponding antigenic epitopes 
(Mauviel et a/., J. Biol. Chem ,. 260:25-28.1994). To gain insight into the 
molecular mechanisms underlying the upregulation of COL7A1 by these 
cytokines, transient cell transections with a series of 5*-deletion 
promoter/chloramphenicol acetyttransf erase (CAT) -reporter gene constructs 
were performed. The region located between nucleotides '-524 and -456 was 
identified as essential for TGF-p response. In contrast TNF-a response 
required elements localized closer to the transcription initiation site, between 
positions -396 and -140 of the promoter. Sequence analysis revealed the 
existence of an AP-1-like site (TGAATCA) in the region of the putative TGF-p 
response element, whereas three Sp-1 binding sites and one NF-kB 
consensus sequence were identified in the putative TNF-a response element 
region. The characterization of these cytokine/growth factor response elements 
provides novel insight into the transcriptional regulation of the human type VII 
collagen gene. 
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8-C2ETHOXYPSORALEN AND ULTRAVIOLET A RADIATION ACTIVATE THE 
HUMAN ELAST1N PROMOTER IN TRANSGENIC C31CE: IN VIVO AND IN 
VITRO EVIDENCE FOR GENE INDUCTION. Tsunemtcrti TateuchU Francis P. 
Gasparro, 2 Douglas B. Brown, 1 Sung K. Kong.'' NktolasLoprestt. 1 Tern White.' 1 Patrick 
Chang, 1 Jouni Utto, 1 ' 3 and Eric F. Bernstein. 1 1 D8partrrert of Dermatotogy and 
Cutaneous Biology and 3 Bbch8mistry and Molecular Biology, Thomas Jefferson 
University, PrrtadetphJa, PA; 2 fepartment of Surgery. Yale University School of 
Medicine. New Haven, CT. 

Treatment of skin diseases with the combination of 8-m8thoxypsoraten and uttravtotst 
A radiation (PUVA) results in clinical alterations in treated skin which resemble those 
observed in chronically photodarnaged skin. PUVA-treated patients develop non- 
rrt8lanorna skin cancers, pigmentary alterations, and wrinkling characteristic of sun- 
induced changes. The major alteration tn the dermis of surwiamagad skin, is the 
deposition of abnormal elastic fibers, termed solar elastosis, which results from up- 
regulation of elastin promoter activity in dermal fibroblasts. In order to study photoaglng 
in an experimental system, we utilized a transgenic mouse fine which expresses the 
human elastin prwr^/chioramprerrcol acetyl transferase construct tn a tissue-specific 
and devetopmentally regulated manner. Although ultraviolet B radiation has been 
Demonstrated to increase promoter activity In vitro, UVA fails to derrtonstrate a similar 
effect. In this study, we demonstrate the ability of PUVA treatment to up-regulate elastin 
promoter activity both in vitro and In vivo. These data help to explain the development 
of photoaglng tn sun-protected PUVA-treated skin. We attribute the up-reauiatton of 
elastin promoter activity in response to PUVA to the formation of DNA phdbadducts, 
which do not occur in response to ultraviolet A radiation alone. 
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CONFORMATION. BUT NOT O LYCOS YL ATION. IS REQUIRED FOR THE 
ANT1-PROTEASE ACTTVTTY OF NEWLY IDENTIFIED EXTRACELLULAR 
MATRIX-ASSOCIATED 33 KDA INHIBITOR. C N. Rao. Yueving Lin Prwwd 
Rfltty. P, J. RfiCdCf. W, McL P. T. Wpotilcy. Dept. of Dera^logy. Northwestern 
Univ.. Chicago. IL; NIST. MD; Dept of Pathology. Univ. of. NewMexico, NM. 
We demonstrated that skin extracellular matrix-associated serine protease inhibitors 
(Mr = 33,000, 31,000 and 27.000) are biosynthetic products of a single gene with 
different degrees of glycosylation. 33 kDa is fully glycosylated whereas 51 kDa and 27 
kDa are partially glycosylated. The purpose of this study was to assess the role of 
glycosylation in the anti-protease activity of the mature 33 kDa inhibitor. Pull length 
inhibitor was expressed in E. coli, and its a ctivit y compared to that of a biologically 
active eukaryotic recombinant inhibitor (TFPI-2) by reverse zymograpby. The 
eukaryotic product inhibited trypsin. However, dithiothreitol abolished the inhibitor 
activity demonstrating the requirement for disulfide bonds. The recombinant inhibitor 
from E. coli did not inhibit trypsin suggesting a lack of the required disulfidc-bonds. 
To directly assess the role of glycosylation, two approaches were taken. First, 
fibroblast cultures were treated with tunicaraycin and the inhibitor activity assessed by 
reverse zyrnography. Secondly, eukaryotic recombinant inhibitor and the 33 kDa 
inhibitor from fibroblasts were deglycosylated by treatment with N-glycosidase F and 
the activity of the deglycosylated inhibitors assessed by reverse Kymography. In the 
presence of tunicaraycin, the cells secreted a 26 kDa unglycosylated inhibitor which 
inhibited trypsin. N-glycosidase F released a 26 kDa unglycosylated inhibitor from both 
eukaryotic recombinant inhibitor and fibroblast inhibitor. The deglycosylated inhibitor 
retained full anti-protease activity. Based on these results, we conclude that the enzyme 
inhibitory activity of the novel matrix-associated inhibitors is confomiauon-dependent 
but does not require glycosylation. 
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MUTATIONS IN THE TYPE VII COLLAGEN GENE IN DYSTROPHIC 
EPIDERMOLYSIS BULLOSA. A SPECTRUM OF CLINICAL SEVERITY. D.WWilL 
Pan. C. T. Tzou. P. Peretra. J. McGulre, G. S. Herron and E.A. Welsh. Department of 
Dermatology, Stanford University School or Medicine, Stanford, CA. 

Dystrophic forms of epidermolysis bullosa (EB) include both dominant (DDEB) and 
recessive (RDEB) EB. Clinically, patients have chronic erosions, subepidermal blisters and 
variable scarring. There is a reduction or lack of anchoring fibrils which when present are 
often malformed. These AFs are composed of type VTJ collagen (COL7A1), the primary 
candidate protein tn the pathogenesis of both RDEB and DDEB. We have studied a 
number of different families with disease ranging from severe (lethal) RDEB to a relative 
mild DEB In which the inheritance pattern is either recessive or a new dominant mutation. 
We examined genomic DNA from patients and family members for mutations In COL7A1 
by PCR amnllflcarJon of small genomic segments of COL7A1. beteroduplex (MDE) 
analysis, and nucleotide sequencing of the observed heteroduplexes. In one family with 
severe RDEB, examination of the PCR fragment co r re s po n ding to exon 1 14 of COL7A1 In 
the proband (deceased) revealed a heteroduplex in the MDE analysis. Sequence analysis 
revealed a C-to-T transition at nucleotide 8440 In the NC-2 domain of COL7A1. which 
converts an arginine residue to a premature termination codon (PIC). This mutation 
(R2814X) was confirmed in the maternal genomic DNA. Identification of this mutation 
was used for first trimester DNA-based prenatal diagnosis in this family. Two different 
patients of consanguineous parentage with moderate to severe DEB have also been 
analyzed. MDE analysis is indicative of homozygous rjolyroorphisms or mutations In PCR 
fragments corresponding to exons 74-76 and exons 105-106 in one patient and exons 90- 
91 tn (he second patient. A fourth patient with relatively mild DEB of unknown 
Inheritance has also been analyzed in this manner. These studies should help clarify the 
potential for correlation of molecular defects of DEB with clinical severity. 
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DOWN-REGULATION OF COLLAGEN TYPE VE DEPOSITION AT DERMO- 
EPIDERMAL JUNCTION(S) (DEJ) OF MORPHOGENETICALLY ACTIVE AREAS IN 
HUMAN FETAL SKIN. Tatiana V. Kar elins. Gregory A. Bannikov. and Arthur Z. ElSCO, 
Division of Dermatology, Washington Univ. School of Medicine, St Louis, MO. 

The behavior of epithelial cell adhesion, migration, and differentiation is controled 
by interaction at the dermal-epiderrnal junction (DEI). Type VTJ collagen (CVTT) is a major 
collagenous component of anchoring fibrils that plays an essential role in epidermal 
attachment to the dermis. Here distribution of CVH protein in morphogertetically active 
areas of the developing epidermis is described using a novel monoclonal antibody specific 
for CVII. At 7-9 weeks of gestation CVU-irnmiinolabeling was faint and discoirtmuous. 
Both the intensity and thickness of the irnmunostained DEI gradually increased with fetal 
age reaching a maximum in adult skin. Two waves of down-regulation of CVTJ protein 
deposition were found at the DEJ in the developing epidermis. The first decrease in CVH- 
tmmunoreactivity was seen at the DEJ surrounding invading appendageal buds (1 J- 15 
weeks). The second decrease in CVB deposition (20-25 weeks) occured at the DEI 
surrounding the distal portion of invading appendageal epithelial cords of both hair follicles 
and sweat glands. When antibodies against type IV collagen or laminin w ere use d, no 
differences were seen between the DEI of the budding and resting fetal erjidtrmis and the 
various portions of fetal hair follicles. Studies were undertaken to determine whether the 
expression of matrix metalloproteinases (MMPs) correlated with the absence of CVTi in the 
dermal invasion associated with appendageal development We used indirect 
immuno fluorescent staining and affinity purified antibodies aga mst 72-a nd 92 kDa type IV 
collagenases (gelatinases), stromelysin, matrilysin (PUMP), and mterstit ialcoll agenase. 
Only matrilysin was expressed by epidermal cells at the DEJ of invading append ageal cells. 
All other MMPs were absent in both fetal epidermis and the extracellular stroma 
surrounding the developing skin appendages. Further studies will be undertaken to 
oeternune whether the absence of Cv^ 

decreased synthesis or increased degradation, perhaps by matrilysin. 
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In immune cells, such as T cells und monocytes, intcrlcukin 10 
S (IL-IO) has regulatory functions on u number of cytokines. 

including IL*I. IL-2, IL-8 and tumour necrosis factpr-a ex- 
W pression. However, the effects of IL-IO have not previously been 

studied in detail in connective-tissue cells, tn the present study, 
y we show that recombinant human IL-IO at physiological con- 
V' centrations has direct effects on the expression of the human 

elastin gene both in vivo and in vitro. Transgenic mice expressing 
£ - a human elastin promoter/chloramphenicot acetyltransferase 



(CAT) reporter g me construct were injected subcutaneously 
with IL-10{I~IOO ng) arid the site of injection was biops^ 
24 h. GAT assay revealeoVan incrW^^^^ 
promoter activity with -10 "rig of IL-IO. ■Trahslterm 
factor-/^ (TGF-#2) is known to up-regulaie \ckwtinV8e^:;'«r 
pression in cultured fibroblasts: When IL-IO Was added to siich 
cultures, the effects of TGF-/92 on elastin mRN A levels were 
synergisttcally potentiated. These results suggest that IL-IO has 
an up-regulatory effect on elastin gene expression. 1 



INTRODUCTION 

Interleukin 10 (IL-IO) was originally characterized as a factor 
secreted by activated mouse T helper (Th2) cell clones [I]. It was 
shown to inhibit synthesis of several cytokines by monocytes, 
and was therefore named cytokine-syn thesis inhibitory factor [I]. 
IL-10 also suppresses the production of interferon-/ (I FN -y) and 
other cytokines by Thl cells [1.2], as well as antigen-specific 
proliferation of Thl cells (3j. IL-IO is an acid -sensitive protein of 
35-40 kDa [4] with structural features of a peptide segment 
deduced from an open reading frame in the Epstein- Barr virus 
genome, called BCRFI (2.5]. In man, IL-IO is produced by 
activated monocytes, in addition to T cells [6]. In contrast with 
mouse T cells. IL-IO is produced by various human T cell 
subsets, including ThO. Till and Th2 ceil clones [7.8], as well as 
by other cell types. 

The interactions of IL-IO with other cytokines have been 
studied in detail in human monocytes. For example. IL-IO is a 
powerful suppressor of the synthesis of IL-la. lL-I/^IL-6. IL-8 
and tumour necrosis factor-a (TNF-a), as well as granulo- 
cyte-macrophage and granulocyte colony-stimulating factors in 
activated monocytes [6.9]. Collectively, the results ofthese studies 
indicate that the effects of IL-IO in monocytes and T cells are 
predominantly down-regulatory. 

Essentially nothing is known about the effect of IL-10 on the 
expression of extracellular-matrix genes. One of the predominant 
components of the extracellular matrix is elastin, the major 
component of elastic fibres, which provides elasticity and re- 
silience to a variety of organs, including the lungs, blood vessels 
and the skin [10]. Previous studies have demonstrated that 
transforming growth factor-// (TGF-/0 up-regulates elastin gene 
expression in vitro,, as determined by assay of elastin mRNA 
steady-state levels, whereas TNF-a and IFN-y counteract this 
up-regulation [I I J. It was therefore decided to examine the effects 
of IL-10 on elastin gene expression in combination with TGF-l 



and IFN-y. For this purpose, the effects of recombinant human 
IL-10 on elastin gene expression were examined in dermal 
fibroblast cultures in vitro, as well as in vivo in transgenic mice 
which express a human elastin promoter/chloramphenicol acetyl- 
transferase (CAT) reporter gene construct. 

MATERIALS AND METHODS 
Cent 



Adult human skin fibroblast cultures, established from tissue 
specimens obtained during cosmetic surgery, or neonatal foreskin 
fibroblast cultures were utilized in passages 4-10. The cultures 
were maintained in Dulbecco's modified Eagle's medium 
(DM EM) supplemented with 10 "„ fetal-calf serum (FCS) prc- 
treated at 51 °C for 30 min, 2 mM glutamine. 50>g/ml strep- 
tomycin and 50 units/ml penicillin. 

Preparations of IL-10, TGF-/B ami IFN-y 

Human iccumbinani iL-iu was obtained from Fepro Tech Inc. 
(Princeton. NJ, U.S.A.) in frceze-dried form and dissolved iirst in 
distilled water, and subsequently diluted in DM EM. For cell 
cultures. IL-10 was used at a concentration of lOng/ml. For 
transgenic mice IL-10 was given subcutaneously in a total volume 
of 100 /rl containing 1-100 ng of IL-10. Recombinant human 
TGF-/5J2 was kindly provided by Dr. David Olsen (Cdtrix 
Laboratories. Santa Clara. CA. U.S.A.) and used for cell cultures 
in a final concentration of 10 ng/ml. IFN-y was commercially 
obtained from Boehringer Mannheim (Indianapolis. IN. U.S.A.) 
and used for cell cultures in a final concentration of 1000 
uniui/ml. 

Transgenic idea expressing the tamao etastto promoter 

A homozygous transgenic mouse line expressing the human 
elastin gene was developed by isolating a 52 kb fragment of the 



Abbreviations used: IL-10. interfeukin 10; IFN-y. interferon-y; TGF-/J. transforming growth factor-//; TNF-a, tumour necrosis tactor-a: CAT. 
chloramphenicol acetyltransferase; OMEM. Outbecco's modified Eagle's medium; FCS. tetal-call serum; GAPOH. gfyceraJdehyde-3-phosphate 
dehydrogenase. 
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5'-flanking DNA of the human elastin gene and Kgating it to a 
CAT reporter gene, followed by the polyadcriylation signal [12]. 
The linearized construct was injectedjnto fertilized oocytes of 
FOB/N mice, and the eggs were implanted into pseudopregnant 
foster mothers JI3J. To test the offspring (FO) for the presence of 
the human elastin promoter construct. Southern blotting was 
used as described previously [12,14]. Mating of heterozygous 
animals resulted in the establishment of a homozygous mouse 
line. The homozygous animals express the human elastin pro- 
moter in a time-specific and developmental^ regulated manner. 
Specifically, the highest promoter activity was noted in the lungs 
and aorta, tissues rich in elastin, whereas lower levels of 
expression were noted in the skin. Fetal and newborn animals 
showed higher levels of promoter activity than in adult animals 
[I2J. Thus these mice provide a model to study the regulation of 
c NUn;»e ne ? x pnKsion at the promoter level. The animals were 
injected suteutaneously with IL-10 (see above), and a full- 
thickness 6mm skin biopsy was obtained from the site of 
injection after 24 h. CAT assay of the skin biopsy was performed 
as described below and elsewhere [14]. 

CAT assays on tramoenjc animals 

CAT activity in the skin of the transgenic animals was determined 
as an indicator of the expression of the elastin promoter/CAT 
reporter gene. The tissue specimens were homogenized in 
Tris/Hd, pH 7.5, with a Polytron tissue homogenizes The 
homogenates were then centrifuged at 10000; for I5min at 
4 °C. Protein content of the supernatants was determined with a 
commercial protein assay kit (Bio-Rad, Richmond, CA, U.S.A.). 
Portions containing 100 //g of protein were used for CAT activity 
determination, which was performed with [" Chloramphenicol 
as a substrate. The acetylated and non-acetylated forms of 
radioactive chloramphenicol were separated by t.l.c. [14]. The 
CAT activity was determined as the radioactivity in the acetylated 
forms as a percentage of the total radioactivity in the sample. 

Northern analyses 

Total RNA was isolated from confluent human fibroblast 
cultures incubated with or without IL-10 in medium supple- 
mented with I D „ FCS for time periods ranging from I to 24 h. 
Total RNA (12 /fg/lane) was fractionated on 0.8 °„ agarose gels 
containing 2.2 M formaldehyde, transferred to nylnn filters 
Probe, Bio-Rad). and immobilized by heating at 80 °C for 
30min under vacuum. The filters were prehybridized and 
hybridized in 50"„ formamidc/0.25 M NaH a P0 4 (pH 7.2)/ 
0.25 M NaO/7",, (w/v) SDS/I mM EDTA, by using cDNA 
probes labelled by nick translation with both [a-"P]dGTP and 
[a-"P]dCTP [15,16). After hybridization at 42 °C for 18 h, the 
filters were washed in solutions with decreasing ionic strength 
and increasing temperature, and the final stringency of the 
washes was O.lxSSC (SSC = 0.15M NaCI/O.OI5M sodium 
citrate)/0.l «„ ?DS, at 65 °C The cDNA-mRNA hybrids were 
detected by autoradiography, and the corresponding steady- 
slate levels of mRNAs were quantified by scanning densitometry. 
A 3.2 kb human elastin cDNA [17] and a 1.3 kb rat 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) cDNA 
(pRGAPDH13) [18] were used sequentially for hybridizations. 

RESULTS AND DISCUSSION 

IL*10 np-rcfintates etosfln gene expression to vivo 

When transgenic mice expressing the human elastin promoter 
linked to CAT reporter gene were injected with different amounts 



of IL-10. an increase in CAT activity of up to 3.5-fold (Figure I K 
and on average 3-fold (Table I), was seen with 10 ng/ml. 

Previous studies on IL-10 have mainly concentrated on the 
expression and effects of IL-10 in various immunocompetent 
cells, such as T lymphocytes and monocytes. In the present study 
we showed that recombinant human IL-10 is capable of up- 
regulating elastin gene expression in r/ro, suggesting a possible 
role for IL-10 in extracellular-matrix synthesis and breakdown. 

IL-10 tFanshmttr tqwegiriates elwtfn mRNA steatfy-stato (avals to 
Wi/n 

Human skin fibroblasts in culture have been previously shown to 
express the elastin gene, as determined at the mRNA level. To 
study the effects of !L- 10 on elasrin gene expression, human skin 
fibroblast cultures maintained in I »„ FCS were incubated for up 
to 24 h in the presence of IL-10 at a concentration of 10 ng/ml. 
When different time points of incubation were studied, IL-10 
showed an "up-regulatory effect on elastin mRNA steady-state 
levels at 6 h of incubation, which was 2-fold compared with 
control cultures incubated without IL-10 (results not shown). 
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FtDore 1 Eotantement of eltstin promoter/CAT reporter gene activity to 
the skb ct transgenic rrdce by IL-10 

Transoenle mice (4 days old) mere injected sutaifcneousfy without w with 10 ng of IL-10: 
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Table 1 fayirocepjent of 
11-10 to vivo 



promoter/CAT reporter sens tctfvfty by 



Transgenic mice (4 days old) were injected sur*cutaneousty with IL-10: 24 h later, biopsy 
specimens ol the skin were obtained trom the tnjedicn site, and CAT activity was determined 
by assay o) acetylated farms of f^lctiorampnenicol as a percentage ol fatal radioactivity, as 
shown In Figure 1. 
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Figure 2 Effects of TGF-/B and IFN-y on IL-IO-hutuced changes In elastin 



TGF-//2 at 5 ng/ml and 11-10 at 1 0 ng/ml were added consecutively to confluent fibroblast cell 
strains in medium containing 1 % FCS. Total RNA (12 /ig/tane) was extracted after 24 h and 
analysed by Northern hybridizations with cONA probes (or elastin and GAPOH. Quanlilication 
of elastin mRNA levels by scanning densitometry indicated an approx. 2-fold increase by TGF- 
//. after correction tor GAPOH mRNA (eve's, 



TGF-l synarQlitteany potential IL-10 effects In vitro 

When dermal skin fibroblasts were incubated with IL-IO 
(10 ng/ml). together with TGF-//2 (10 ng/ml) or IFN-y (1000 
units/ml) for 24 h, TGF-//2 alone clearly up-regulated elastin 
gene expression, as shown previously [II] (Figure 2). An approxi- 
mately 2-fold increase in elastin mRNA levels was seen when IL- 
10 was added to such cultures, based on scanning laser densi- 
tometry (Figure 2). In contrast. IL-10 had no effect on the down- 
regulation of elastin mRNA steady-state levels caused by IFN-y. 

At present it is not clear whether there are cells in the skin 
which are capable of IL-10 synthesis and secretion. As shown 
recently by Enk and Kaiz [19]. murine kerulinocytcs secrete IL- 
IO when appropriately stimulated. The proximity olkerutinocytes 
to dermal fibroblasts could result in induction of elastin by 
keratinocyte IL-10. Rivus and Ullrich have shown that murine 
keratinocytcs secrete IL-10 after exposure to u.v. radiation; u.v. 
exposure has been shown to result in impairment of delayed-type 
hypersensitivity, which has been shown to be mediated, at least 
in part, by IL-10 [20]. Chronic exposure to u.v. also leads to 
changes in the composition of the matrix molecules, namely to a 
decrease in the amount of collagen and an increase in the amount 
of clastic fibres in the dermis [2 1 .22]. The mechanisms of the u.v.- 
induced changes in the. matrix are poorly understood. The 
present studies suggest that IL-10 could play a role in the 
pathogenesis of solar elastosis. 

Both TGF-/T* and IL-10 have a broad spectrum of functions 
and have both inhibitory and stimulatory effects on diverse cells. 
On inflammatory murine macrophages TGF-// and IL-10 have a 
predominantly deactivating effect, but they suppress macrophage 
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cytokine production under different conditions and, by different 
mechanisms (23). Previous studies have shown that TGF-// up- 
regulaies elastin gene expression in pig smooth-muscle cells [24] 
and in human skin fibroblasts [I I). In the present study. IL-10 
enhanced the up-regulatory effect of TGF-/7 on elastin gene 
expression in human dermal fibroblasts, but il did not alter the 
I FN-y-elicited down-regulation of the elastin gene expression. In 
monocytes. IFN-y and IL-10 antagonize each other's function 
[25]. The differences in the antagonistic effects of IL-10 and IFN- 
y on different cell types may reflect differential signal-l transduction 
pathways, or may be due to different eft-elements in the target 
genes. 

This work was supported by U.S. Public Health Service. National Institutes of Health 
grants RO1-AR28450 and T32-AR07561. The Academy of Finland and Rnska 
tikaresallsk^pet. S.R. was recipient of a Fellowship from the Jet!erson Center tor 
International Dermatology at Jefferson Medical College. 
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A Transgenic Mouse Model Provides 
a Novel Biological Assay of Topical 
Glucocorticosteroid Potency 

Stacy D: Katchman, MD; Magaly Del Monaco, DO; May Wu, MT; Douglas Brown; 
Sylvia H$u-V/ong, MD; Jouni UiUo, MD, PhD 



Background ami (tosignt A homozygous line of trans- 
genic mice that expresses the human elastin promoter/CAT 
(chloramphenicol acetyltransferase) reporter gene construct 
in a tissue-specific anddevelopnientally regulated manner 
is presented. Previous studies have shown that subcutane- 
ous injections of various glucocorticosteroids up-regulate 
the human transgehe in the mouse skin potentially through 
their interaction with three putative glucocorticosteroid- 
responsive elements contained within the human elastin 
promoter. In this study, we propose the use of these trans- 
genic mice as a model system for assaying the potency of 
various topical glucocorticosteroid preparations. 



i In the first set of experiments, three different com- 
mercially available topical glucocorticosteroid creams, 2.5% 
Hytone (2.5% hydrocortisone) (Dermik Laboratories, Fort 
Washington, Pa), Cutivate (0.05% fluticasone propio- 
nate) (Glaxo Inc, Research Triangle Park, NC), and Te- 
movate (0.05% clobetasol propionate) (Glaxo Inc) (being 
classified into class VII, V, and 1 steroids, respectively) were 
applied to the skin of transgenic mice, with Eucerin 
(Beiersdorf Inc, Lindenhurst, NY) as the control cream. In 
a series of six experiments, Hytone 2.5% cream caused a 
3. 1 -fold increase on the average, with Cutivate and Temo- 



vate creams resulting in 2.2-fold and 12.4-fold increases 
in CAT activity over control, respectively. Next, two dif- 
ferent preparations of diflorasone diacetate 0.05% cream 
(Florone [class III] and Psorcon [class II J, both from Der- 
mik Laboratories), formulated with different vehicles, were 
compared. Psorcon caused a 22.8-fold increase in CAT ac- 
tivity over the control compared with a 4.4-fold increase 
for Florone. However, an assay comparing Psorcon oint- 
ment (class I) and Psorcon cream (class II) showed no 
statistically significant difference in their potencies. 

Conclusions* These preliminary findings suggest the use- 
fulness of these transgenic mice as a model system for 
assaying the potency of topical glucocorticosteroid prepa- 
rations. Discrepancies between our data and the pub- 
lished classification of some topical steroids may result 
from anatomic differences between human and murine 
skin, with mouse skin being much thinner. Alterna- 
tively, the discrepancies may reflect the fact that our as- 
say measures the biological activity of these steroids on 
gene transcription, while previous ranking is based on 
their vasoconstrictive activity. 

(Arch Dermatol 1995;131:1274-1278) 



From the Departments of 
Dermatology and Biochemistry 
and Molecular Biology, 
Jefferson Medical College , and 
Section of Molecular 
Dermatology, Jefferson 
Institute of Molecular 
Medicine, Thomas Jefferson 
University, Philadelphia, Pa. 



TOPICAL glucocorticosteroids 
are in extensive use for the 
treatment of a variety of in- 
flammatory and hyperpro- 
liferauve cutaneous diseases. 
For this purpose, a large number of gluco- 
corticosteroids in different formulations are 
currently available. The effects of these ste- 
roids are based on their anti-inflammatory, 
immunosuppressive, antiproliferative, and 
vasoconstrictive activities, among other 
properties. u The potency of topical corti- 
costeroids has been classified into seven (I 
through VII) categories, with category I be- 
ing the strongest and category VII the weak- 
est, which represent a continuum of effi- 
cacy based on their vasoconstrictive effects 
in a human erythema suppression test. 2 * 4 
Glucocorticosteroids are also potent 
modulators of gene expression, and, in par- 
ticular, they alter the transcriptional activ- 
ity of the genes expressed in cells that con- 



tain glucocorticosteroid receptors. 5 The 
glucocorticosteroids bind to these cyto- 
plasmic receptors, and the receptor-ligand 
complexes are then translocated into the 
nucleus where they bind to glucocortico- 
steroid- responsive elements (GREs) in 
DNA. 5 * 7 As a result of this binding, the GRE- 
containing promoter is either up- or down- 
regulated. The latter interactions repre- 
sent biological mechanisms that regulate 
various cellular functions under the influ- 
ence of glucocorticosteroids. 1 

The current classification of glucocor- 
ticosteroids according to their potency is 
based on their vasoconstrictive activity. 3 4 
In addition, a variety of other methods, 
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METHODS 

A homozygous line of transgenic mice, which ex- 
presses 5.2 kilobases (kb) of the human elastin pro- 
moter region linked to the CAT reporter gene, was de- 
veloped as described elsewhere. 8 Briefly, 5.2 kb of 
human elastin 5'-flanking DNA was linked to a 0.7-kb 
CAT gene, followed by 0.3 kb of DNA with a poly- 
adenylation signal. This linearized construct was in- 
jected into fertilized oocytes, and a line of transgenic 
mice expressing the human elastin promoter, as de- 
lected by CAT activity, was developed. These trans- 
genic mice have no clinical phenotype. and they do 
not express human elastin protein, as no pan of the 
coding sequence is contained within the transgene. Our 
previous experiments 8 have shown that the human elas- 
tin promoter/CAT construct is expressed in a tissue- 
specific and developmentally regulated manner. 

We used 4- or 5-day-old hairless pups, homozy- 
gous for the transgene, as test animals. In each experi- 
ment, pups from the same litter were used for com- 
parison between glucocorticosteroid and control 
preparations in parallel. The commercial glucocorti- 
costeroid preparations were tested by applying 0.03 g 
uniformly on their dorsal surface («14 mj^cm 2 ). In 
some experiments, the steroid preparation was mixed 
in varying proportions with Eucerin (Beiersdorf Inc, 
Lindenhurst, NY) as an inert vehicle; Eucerin alone 
did not alter the CAT activity in the skin. Either a single 
application or two applications, one at time point 0 
and another one at 12 hours, were used. Control ani- 
mals received the same amount of Eucerin cream and 
were examined in parallel. The test animals were sepa- 
rated from each other and from their mothers, were 
killed at different lime points, and skin biopsy speci- 
mens were removed immediately from the treated area 
For the CAT assay, skin was homogenized with a poly- 
trbn tissue homogenizer in 0.25-mol/L TR1S hydro- 
chloride at a pH of 7.5. The homogenates were then 
freeze thawed three times and centrifuged at lOOOOg 
for 15 minutes. The protein content of the superna- 
tants was determined by a commercial kit (Bio-Rad 
Laboratories, Hercules, Calif), and aliquots, contain- 
ing 100 u.g of protein, were assayed for CAT activity 
in the linear range of the assay, 1112 reflecting the hu- 
man elastin promoter activity. 8 The significance of dif- 
ferences between different treatment groups was evalu- 
ated by Student's t test, using a computer program 
(Statworks, Cricket Software Inc, Philadelphia, Pa). 



based on their anti-inflammatory and antiproliferative ac- 
tivities, have been proposed. 1 In this article, we describe 
a novel in vivo model to test the potency of topical glu- 
cocorticosteroids based on their biological activity. This 
model consists of a transgenic mouse line that expresses 
a human elastin promoter/CAT (chloramphenicol acetyl- 
transferase) reporter gene construct in a tissue-specific and 
developmentally regulated manner. 8 The basis for this as- 
say is the discovery that the human elastin promoter re- 
sponds in a dose- and time-dependent manner to subcu- 
taneous injections of triamcinolone acetonide and 
dexamethasone. 9 This response is probably mediated by 



the three putative GREs present in the promoter region. 10 
Since CAT is a bacterial enzyme not present in vertebrate 
tissues, the assay of CAT activity in the transgenic ani- 
mals directly reflects the activity of the human elastin pro- 
moter. 8 In this preliminary study, we have tested several 
topical glucocoiticosterbids to validate this assay system. 



RESULTS 



The transgenic mouse model used in this study has previ- 
ously been shown to express the human elastin promoter/ 
CAT repbrteVgene construct in a tissue^pecific and de- 
velopmentally regulated manner. 8 $pecifically, relatively 
high levels of activity were noted in the lungs and the aorta, 
tissues rich in elastin, while lower levels were noted in the 
kidneys and the skin. Recent studies* have also shown that 
subcutaneous injection of triamcinolone acetonide or dexa- 
methasone can markedly increase the elastin promoter ac- 
tivity in the skin of these animals in a dose- and time- 
dependent manner. In this study, we tested topically applied 
glucocorticosteroids for their effects on the elastin pro- 
moter activity in the skin, as determined by CAT assay. 

To validate the reproducibility of the assay, the in- 
trasubject variability was first assessed by assaying the 
same skin extract sample in seven parallel determina- 
tions. The variability of the assay was ± 12.5% SDs from 
the mean. Second, the CAT values reflecting intersub- 
ject variability within mice representing the same litter 
were found to be 2.83% ±0.89% (meaniSD) in three sepa- 
rate experiments, each performed in triplicate. 

Optimal time for skin biopsies was determined by 
measuring the CAT activity at different time points after 
a single application of Temovate (0.05% clobetasol pro- 
pionate) (Glaxo Inc, Research Triangle Park, NC), a po- 
tent enhancer of the CAT activity (see below). Only a rriooV 
est, approximately 1.6-fold, enhancement was noted at 6 
hours, while the increases in CAT activity at 12-, 24-, and 
48-hour points were 5.1-, 23.2-, arid 49.8-fold, respec- 
tively, over the 0-hour point (each value being the mean 
of two parallel determinations in individual animals). Thus, 
taking into consideration the limited viability of the pups 
beyond 48 hours, when separated from their riiothers, the 
subsequent assays were performed at the 24-hour point. 

In the first set of comparative experiments, we tested 
three different, commercially available topical glucocor- 
ticosteroid creams, ie, Hytone (2.5% hydrocortisone) (Der- 
mik Laboratories, Fort Washington, Pa), Cutivate (0.05% 
fluticasone propionate) (Glaxo Inc), and Temovate (0.05% 
clobetasol propionate). These three glucocorticosteroid 
preparations have been classified according to their vaso- 
constrictive activity into classes VII, V, and I, respec- 
tively. 4 In control animals, which received Eucerin cream 
alone, CAT assay demonstrated a low, yet clearly detect- 
able, level of activity (Ficjww 1). However, the CAT ac- 
tivity in the Eucerin-treated anihials was not different from 
that measured in untreated skin. Similarly, the topical ap- 
plication of petrolatum did not alter the expression of CAT 
activity in the skin (riot shown). As illustrated by Figure 
1, application of any of the three glucocorticosteroids clearly 
enhanced CAT activity in the treated area of the skin. How- 
ever, there was a difference in the response. In six inde- 
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Figure 1 . Determination of potency of three commercially available topical 
gtucocorticostewid preparations: Hytone Z5% (Dermik Laboratories, Fort 
Washington. Pa) and Cutivate and Temovate (both from Glaxo tnc, Research 
Triangle Park, NC). Five-day-old transgenic mice expressing the human 
etastin promoter/CAT (chloramphenicol acetyttransferase) reporter gene 
construct were treated with 0.03 got the indicated commercial topical 
glucocorticosteroid applied to their dorsal skin, with Eucerin cream 
(Beiersdorf Inc, Undenhurst, NY) as the control, at 0 and 12h6urs.At24 
hours, the mice were killed and skin biopsy specimens were immediately 
obtained from the treated areas and CAT activity was determined using 100 
tig of protein extracted from the skin biopsy specimens in a l&fiour 
incubation with chloramphenicol tagged with carbon 14 f 4 C), as described 
elsewhere. 9 the figure is an autoradiogram illustrating the separation of 
acetytated (AC) and nonacetyfated (C) forms of radioactive chloramphenicol 
by thin-layer chromatography. The control samples included an extract of 
lung from a homozygous untreated animal as a positive control (plus sign), 
and the negative control (minus sign) consisted of tissue extract from a 
wild-type mouse. The CAT activity was quantitated by counting the 
radioactivity in AC and C forms of p 4 CJchbramphenicol and expressed as the 
percentage of acetytation. The relative (XT activities in animals receiving the 
different steroid preparations were calculated in relationship to control 
animals. Each lane represents an assay from a separate animal within a litter 
of homozygous transgenic animals. 

pendent trials, each using mice representing a single lit- 
ter, Hytone 2.5% increased CAT activity 3. 1 ±0.9-fold over 
the control (mean±SD from six different experiments). 
In the same six experiments, Cutivate showed a 2. 2± 0.6- 
fold increase, while Temovate resulted in a 12.4±3.2- 
fold increase on the average. It should be noted that within 
each experiment, the compounds were tested in up to five 
individual animals, each assayed separately in parallel. 

To examine the effects of different formulations of the 
glucocorticosteroids on CAT activity, two types of addi- 
tional tests were performed. First, diflorasone diacetate, for- 
mulated in 0.05% concentration in two different commer- 
cial cream preparations (Florone and Psorcon [both from 
Dermik Laboratories]), which have been categorized in 
classes III and II, respectively, was tested. For compari- 
son, 1% hydrocortisone (Hytone 1%, Dermik Laborato- 
ries), a class VII steroid, was used in parallel on three ani- 
mals. Application of Hytone 1% resulted in a 5.9+0.8- 
fold (mean±SD; n=3) increase in CAT activity (Flgur* %). 
Parallel animals treated with Psorcon depicted a 22.8±3. 1- 
fold increase in CAT activity. However, the same gluco- 
corticosteroid in a different formulation (Florone) re- 
sulted only in a 4.4±0.6-fold increase in CAT activity 
(Figure 2). Enhancement of CAT activity by all three ste- 
roids was statistically different from that in controls 
(P<001). However, the activity in the animals treated with 
Hytone 1% and Florone did not significandy differ from 
each other (P=.063), while Psorcon was clearly superior 
over the other two steroid preparations tested (P<.001). 
Thus, the formulation of the glucocorticosteroids used for 
the assay apparently has a significant effect in this system. 



In the second set of experiments, examining the ef- 
fects of different formulations, diflorasone diacetate (Psor- 
con) was tested in cream and ointment vehicles corre- 
sponding to classes II and I, respectively. In two separate 
experiments, no significant difference in the CAT activ- 
ity between the animals treated either with the cream or 
the ointment form of Psorcon was noted. Specifically, the 
average ratio of enhancement of CAT activity with cream 
vs ointment preparations in two separate experiments, 
each performed in triplicate, was 1.19 (P>.05). 

Since the amount of the glucocorticosteroid prepa- 
rations used for topical application was relati vely high ( 1 4 
mgfcm 2 ), the mostpotent steroids could conceivably satu- 
rate the receptor-mediated signaling pathway. To ex- 
clude this possibility, Temovate, the most potent en- 
hancer of CAT activity tested (see above), was mixed with 
Eucerin in varying proportions ( 1 :3, 1 :9, or 1 : 1 8 by weight) . 
By increasing the dilution of Temovate by Eucerin, a pro- 
portional decrease in the enhancement of CAT activity was 
noted. Specifically, the enhancement of CAT activity at 1 :3, 
1:9, and 1:18 dilutions was 3.1-, 1.4-, and 1.0-fold com- 
pared with that in the Eucerin-treated control animals. 



comment 



Topical corticosteroids are among the therapies most 
widely used by dermatologists today. 2 There is a multi- 
tude of different potencies and formulations that are used 
clinically for a variety of inflammatory and hyperprolif- 
erative diseases. Consistent with the broad range of clini- 
cal applications for topical corticosteroids is also the broad 
range of actions by which they exert their biological ef- 
fects. Some of the proposed mechanisms of action for the 
anti-inflammatory effects of these products include pro- 
motion of vasoconstriction, inhibition of phagocytosis, 
stabilization of lysosomal membranes of phagocytizing 
cells, and interruption of the prostaglandin cascade by 
preventing the release of arachidonic acid. 1 Addition- 
ally, topical corticosteroids are also useful for their an- 
tiproliferative effects that are mediated by inhibition of 
DN A synthesis and mitosis. This results clinically in thin- 
ning of the epidermis, which is often a desirable end point 
in the treatment of certain hyperproliferative disorders, 
such as psoriasis. On the other hand, glucocorticoste- 
roids prevent the synthesis of collagen by fibroblasts, re- 
sulting in atrophy of the dermis, an untoward side effect 
of long-term glucocorticosteroid application. 1314 

Many different models have been developed for the 
assay of topical corticosteroid potency. Each model is able 
to highlight only one particular effect from the broad spec- 
trum of glucocorticoid action. 1 For example, the lest that 
is most commonly used today to assay the potency pf 
topical steroid preparations is the vasoconstrictor assay 
of McKenzie and Stoughton 3 and Stoughton 4 This assay 
assesses the ability of alcoholic solutions of a glucocor- 
ticosteroid applied to intact human skin to produce vaso- 
constriction, as seen by blanching of the skin. Other tests 
of corticoid potency rely on the ability to inhibi t blister and 
pustule formation, 14 the ability to prevent a cell-mediated 
immune response to challenge with Rhus antigen, 15 the ab& 
ity to heal psoriasis plaques, 16 and the ability to produce slq# 
atrophy and telangiectasia. 1 7 
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Figure 2. Up-regulation of human etastin promoter activity in the skin of 
transgenic mice treated with Hytone 1%, Ftorone, and Psorcon creams (aft 
from Dermik Laboratories, Fort Washington, Pa). The mice were treated 
with topical steroids, and CAT (chloramphenicol aceiyltransferase) activity 
was determined at 24 hours, as described in Figure 1. Each lane indicates 
an assay from a separate animal within a litter of homozygous transgenic 
animals; AC and C, acetyfated and nonacetylated, respectively, forms of 
chloramphenicol; positive (plus sign) and negative (minus sign) controls 
are included, as in Figure 1. 

In this study, we propose a novel biological assay for 
determining the potency of topical corticosteroid prepara- 
tions using transgenic mice that have incorporated a hu- 
man elastin promoter-CAT reporter gene construct into their 
genome. Thus, we can take advantage of the three putative 
GREs contained within the elastin promoter/ 0 as they rep- 
resent elements that respond to glucocorticosteroids in a 
dose-dependent manner, and this response can then be quan- 
titated by CAT assay. This model's main advantage is that 
it can directly assay the biological action of the glucocor- 
ticosteroids in the skin. Other previously published meth- 
ods rely on indirect or noncomprehensive means to de- 
termine corticosteroid potency, such as determination of 
vasoconstriction or prevention of blister formation. 

The goals of our study were threefold. First, we per- 
formed an experiment to validate the assay and assess its 
reproducibility. Second, we wanted to compare, in a pre- 
liminary manner, the potency of selected commercially 
available topical steroid preparations in our assay system 
with their established potencies, as based on their vaso- 
constrictive ability. Third, we wanted to assess the poten- 
tial importance of the glucocorticosteroid vehicle in con- 
tributing to the potency of a particular preparation. 

To validate the transgenic mouse model assay, we first 
determined both intrasubject and intersubject variability 
within a litter of the CAT assay. The results indicated good 
reproducibility (SD being 31 .4% of the mean; n=9) in rep- 
resenting the same litter, a finding that clearly allowed de- 
tection of statistically significant differences between con- 
I trol and glucocorticosteroid-treated animal groups. Itshould 
be noted that each experiment uses control and treated mice 
from a single litter, all assays being performed in parallel, 
thus allowing direct comparisons between the treatment 
groups. It should also be noted that the test animals rep- 
resent a homozygous transgenic mouse line, the copy num- 
ber of the transgene (seven per mouse genome) being stable. 9 
We further demonstrated that even with the most potent 
enhancer of CAT activity tested (Temovate cream, class I 
preparation), the assay system was not saturated, since di- 
lution of this steroid preparation by an inert cream (Eucerin) 
; pbrpoitionally reduced the CAT activity in the skin. On the 
;other hand, use of a relatively weak, class VII, glucocorti- 



costeroid preparation (Hytone 1%) clearly enhanced the CAT 
activity compared with that in the control animals, but the 
enhancement was significantly less than that noted with Te- 
movate. Thus, the transgenic mouse model presented in this 
study is able to discriminate these two glucocorticosteroid 
preparations from controls and from each other. 

To demonstrate the feasibility of this assay system, se- 
lected commercially avzulable glucocorticosteroid prepa- 
rations were tested. Usih£ Hytone 2 5%, Cutivate, and Te- 
movate creams, with £tlcenn'':'ci^m;a$ : the control, our 
model system revealed Hytone 2:5% and Temovate to be 

3. 1 and 1 2.2 times, respectively; rho^^^ the con- 
trol cream. This result is cbraistent ^th the published po- 
tencies of these preparations, those ib^iiig ci&es Vll and I 
for Hytone 2.5% and Temovate creams; re^ctiyeiy. How- 
ever, our results indicated that CutiVate;^.^i^ : was only 

2.2 times higher than that of the control, a fmdiiig that is 
not consistent with its established rank as a class V topical 
steroid. Furthermore, in a parallel experiment comparing 
Hytone 1%, Florone, and Psorcon aean^VHytpne^l% and 
Psorcon exhibited CAT activities of 5.9 an^ 22.8 t&ie^ that 
of the controls, respectively, consistent with their known 
relative strengths as class Vll and class II steroids. How- 
ever, the medium-strength preparation, Florbne cream, 
which is a class III steroid, exhibited a CAT activity of only 
4.4 times that of the control. 

The third part of our study, ie, the assessment of the 
importance of vehicle, yielded interesting results. TFpr ex- 
ample, Psorcon cream and ointment, classes II and l; re- 
spectively, did not show statistically significant differ- 
ences in the CAT activities, and thus their potencies were 
equivalent by our assay system. However; Florone and 
Psorcon creams, which both contain the same active in- 
gredient (0.05% diflorasone acetate), but are formu- 
lated in different bases, displayed markedly different CAT 
activities. In this case, Florone cream exhibited much 
weaker CAT activity than did Psorcon cream. These re- 
sults emphasize that the vehicle of a glucocorticosteroid 
may have a major influence on the biological activity and 
tissue availability of the steroid preparation. 

In summary, we have devised a novel in vivo tech- 
nique for the assay of topical steroid potencies, the major 
limitations of our model include the significant histologic 
and pharmacokinetic differences between mouse arid hu- 
man skin. For example, murine epidermis is much thin- 
ner than human epidermis and may be more easily pen- 
etrated by glucocorticosteroids. This limitation is highlighted 
by the fact that we used in our assay newborn mice (4 or 5 
days postnatal), which may not have acquired full epider- 
mal barrier function. Thus, the findings of this study should 
be considered preUminary with respect to establishing this 
approach as a valid method for the assay of relative steroid 
potency for human skin. Nevertheless, the use of new- 
bom mice in this assay system is necessitated by the fact 
that these animals grow hair beginning about the sixth day 
of their life, and the presence of hair in older animals in- 
terferes with accurate application of the steroid prepara- 
tions and compromises the accuracy of protein determi- 
nations for CAT assay. Further limitations of this method 
include the relatively small litter size (usually less than 12 
pups) that limits the number of different compounds that 
can be tested in a single assay. Finally, since the newborn 
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animals, when separated from their mothers, have a lim- 
ited viability, the length of the treatment time is reduced 
to less than 48 hours. Thus, this assay is not suitable for 
long-term testing of pharmaceutical compounds. 

The advantages of our test system over previously used 
methods include its ability to make quantitative, rather than 
qualitative, comparisons, such as those in the vasoconstric- 
tor assay that are based on subjective evaluation of the red- 
ness in individuals by an observer, 3 - 4 although the latter as- 
say has been suggested to correlate with clinical efficiency 
of topical steroids. 18 Furthermore, our assay system tests 
for the biological action of the glucocorticosteroid on a GRE, 
an element specifically responsive to steroids, in a dose- 
dependent manner, rather than relying on techniques mea- 
suring indirect effects, such as the prevention of blisters. 
The transgenic mouse system is also quick and can yield 
quantitative data within 72 hours. This feature makes this 
assay system particularly suitable for the rapid screening 
and development of pharmaceutical compounds for their 
potential usefulness as topical glucocorticosteroid prepa- 
rations. Finally, this mouse model represents a prototypic 
biological assay system for glucocorticosteroids, and simi- 
lar approaches can be taken to develop mice with transgenes 
that contain response elements to other classes of compounds, 
such as retinoids and vitamin D derivatives. 
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